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ADVERTISEMENT. 



"The Institution merely places on R'cord, and is not, as a body, 
responsible for the statements or opinions advanced in the Papen 
read, or the Discussions thereon, which occur at the Meetings during 
the Session.'' 



^HAdoptbd at a Gekebal SIebting on the 4th March, 



THE NORTH-EAST COAST INSTITUTION 

or 

GINEERS AND SHIPBUILDERS. 



CONSTITUTION. 

I.— The Name of the Ajwociation is "The North-EaBt CosBbliiBti- 
tation of Engineers and Shipbuilders." 

II. — The Objects for which the Institution is established are : — 
The advancement of the science and practice of Engineering and 
Sbipbnilding, and the interchange of ideas and information amongst 
its members, by means of meetings for the reading and disciiBSion of 
papers relating thereto, and placing on record its transactions. 

III. — T!ie Institution shall consist of Honorary Mcmbera, Mem- 
bers, Associates, and Graduates, 

IV. — HoNORAitY Members shall be snch distinguished persons 
as the Council may elect. 

V. — Mbmbees shall be Principals or Principal Managers engaged 
in Engineering or Shipbuilding; Civil, Military, or Mining Engineere, 
or Naval Architects; whose subscription shall be Two Guineas per 
annum ; and other persona engaged in the above professions; whose 
Bubacription shall be Half-a-Gninea per annum. 

VI. — Associates shall be such persons as are not strictly Engi- 
neers or Shipbuilders, but are connected with or interested in such 
porenits, and are deemed by the Council to be eligible for Associate 
membership. Their subscription shall be One Guinea per annum. 

VII. — Graduates shall be persons under twenty-one years of age, 
engaged in stady or employment to qualify themselves for any of the 
above professions. Their subscription shall be Fire Shillings per annum. 

VIII. — Any Mkmbbh may become a Life Member by a single 
payment of twenty guineas, or any Asbociatb may become a Life 
Abbociate by a single payment of ten guineas. 



IX. — ^Tlie Officbrs of the Institution eliall be elected from and 
by the Members, and shall consirt of one Preflident, the Past-Prcsidenli^ 
nx Vice-Presidents, fiflcen Couneilmen, and a Tteasurer. 

X — The President and TreaHurcr shall be elected annnally. Two 
Vice-Preside tits and five Conncilmen shall be elected HnnualJy. 
retiring Vice-Presidents and Conncilmen shall, at the end of the fit* 
year, be decided by ballot from the whole number ; at the end of thk 
second year, by ballot from the number who have served two years ) 
and each succeeding year they shall be those who have Bended three 
years from their last election. 

The President shall be eligible for re-election for a second year ;■ 
should he be re-elected he shall retire at the conclusion of his aeoonj 
year of office, and shall not again be eligible nntil after an iaberral ft 
one year. 

The retiring Vice-Presidents and Conncilmen shall not be el%ib)j 
for re-election to the same ofllceB until after a similar interr^ b 
shall be eligible for election to any otiier office. 

The Treasurer shall be eligible for re-election annually, or 1 
election to any other office, 

XI. — Honorary Members may attend all the General Meetingi^ 
they may read papers, take part in discussions, in voting, in moving. 
and supporting resolutions, in presentation of notices of motion, o 
requisitions for Special Meetings, and in the proposition of neW 
members ; they shall also receive copies of the Transactions. 

SIX. — Members stiall have all the privileges of the Institution, a 
enmnerated in the foregoing paragraph, and shall be eligible for o 

XIII. — Associates shall liave all the privUeges enumerated i 
paragraph XI. They shall not be eligible for office. 

XIV. — Graduates may attend all the General Meetings, they nu 
read papers, take part in discussions, and support resolutions ; they 
shall also receive copies of the Transactions, but shall not sign propoeals 
for new members, vote, nor \ye ehgible for office. 

XV. — The General Meetings of the Institution siiall be held 
during the winter seasons of each year. 

SoTK.— When the wori] Member is iniliiUed with a cnpital letter it signifiei 
ft mcmijor nnder pnn^raphs IV. and V., but when iniliaUed with a sidbU letter, it 
signifies a member nf nny cisss of the Iiurtilution meraberahip. 



lit 

BYE-LAWS. 

MEMBERSHIP. 

1. — Every candidate for admisaion as a Member, Associate, or 

LdDEt« ahall be proposed and recommended according to the Form A 
k the Appendix, in which form the name, usual residence or the place 
r business, the quaiification for, and proposed class of membership of 
the candidate shidl be distinctly specified. 

The form shall be signed by a Member or Associate of the Insti- 
tution, as proposer, and by at least otber three Members or jVsaociatea 
as supporters, certifying a personal knowledge of the candidate. 

The proposal so made shall be submitted to the Council, when, if it 
be approved, the Chairman shall sign the approbation, which shall be 
inserted in the notice calling the neit General Meeting, when the can- 
didate shall be balloted for, and shall be accepted if three-fourths of 
the votes are favourable. 

2. — Graduates desirous of becoming Members shall be proposed and 
recommended according to the Form B in the Appendix. 

The proposal so made shall be submitted to the Council, who shall 
agree to or reject it. 

3. — The balloting for membership shall be conducted in the follow- 
ing manner : — Each Member shall be supplied by post with a list of 
the names of the candidates, according to the Form C in the Appendix, 
and shall strike out the names of such candidates as he desires shall 
not be elected. These lists may be returned to the Secretary by 
post, or may Ijc deposited in the ballot-bos by the voter in person on 
ealering a meeting at which an election is to take place. The ballot- 
I will be closed at ten minutes after the advertised time of meeting. 

le hats shall then be handed over to the Chairman, who shall appoint 
bro Scmtinecrs to examine them, after which examination the Chainnan 
^all inform the meeting of the result. 

4, — Notice of Election as a member shall be sent to the can* 
' cUdate within one week after his election, according to the Form D 
in the Appendix ; but his name shall not be added to the list of Mem- 
bers, Associates, or Graduates of the Institution, until he shall have 
I {aid his first annual subscription. 






! of rcjpotion of the candidate, no meotion 
n the ralnutes, nor shall any notice be given to tbe 
J cundidatQ, 

6.— All Siibacriptions shall bo payable in advance, and BhsU 
become dno on tho iBtof Jnnoeach year. Applicotion for memberdiip 
mny Iw raridn nt uny time during a Session, and the subscription ehaK 
cover tilt) mcmlxtriihip up to the 1st of Junu following. 

7.— On rewipt of oach aubacription, the Ti-easurer shall forwaid 
the iiir>m1)cr an oflicial ri^ci^ipt for the amount ; ond shall forward tufl 
iJio Socrotary a eord of mumlicrHhip for the current year, si^ed by 
ihu Tronsuror, tit 1ki coiintorsignod by tho Secretary, and forwarded 
to tho mombor. The Forma E, F, G, H, EE, and FF, in the Appendix, 
illastrato the ourdH of motnborship. 

8. — On qiicBtions of privilege, any person who may be unknown in 
the muotin^f, shall only be ablu lo claim the privilege in question on 
prodiiulioii of his card of momlxinibip for the current sessioQ. 

9. — Any mem her whose siilMcription is two years in arrear, shall be 
reported to tlie Council, who ahnll diitiot application to be made for it, 
iiccurdingtoForm Jin the Appendix; amlinthocventof itscoutiuQing 
one month in arroar nft«r such application, the Council shall have the 
power, after remonstrance by letter, according to the Form E in the 
Appendix, of ducluring that the defaulter has ceased to be a member. 

10. — The Council mjiy refuse to continue to receive the 
■ubcoriptionii of any member who shall have wittingly acted in con- 
tmvontion of the Reguiations of the Institution, or who shall, in the 
opinion of tho Coimci), have been guilty of such conduot as shall have 
rondorod him unfit to continue his membership ; and the Council may 
remove hia name from the list of members : and such person shall 
Uieroopon cease t<i be a member of the luatitution. Notice of such 
aution of the Council shall be forwarded to the person in question, 
in accordance with the Form L in the Appendix. The reason for 
•uch action of the Council shall not be stalfid to the person expelled, 
witbout the sanction of the Council. 



OFFICEKS. 
11. — The Annnal Election of Officers shall bo conducted in the 
following manner: — The Council shall meet in March or April, and 
shall arrange a list of nominations, in accordance with the Form M in 



tbe Appendix. Such list shall be presented at the General MeeMng 
iniinedidtely preceding the laat General Meeting of the Session, and 
any Meuiber present shal] be at liberty to nominate additional Members. 
Tbe list shall show who remain in office throughout the CouncD, and 
who are retiring. It shall nominate! new names in the place of 
the retiring Members, and the nnmber of nominations shall be, at least, 
two in excess of the nnmber rcquii-ed in each section of the Council. 
A copy of this ballot hst shall be forwai'ded to each Member imd 
Associate, together with a complete list of Members, to be filled in, in 
accordance with the instructions printed in the ballot form, and to 
be returned to the Secretary, to be opened in the presence of the 
Council, at a Council Meeting which shall be held in April or May, 
when the scrntiny and counting shall be carried ont by the Council. 
Any Mcmbei- in voting shall be at liberty to erase any name or names 
from the list and substitute the names of any other person or persoDS 
eligible for each reapective office other thao those already placed on the 
ballot hst by the Council and Members of the Institution, 

Any voting paper retnrning either more or less than one President, 

BIX Vice-Presidents, one Treasurer, and fifteen Councilmen, shall be dis- 

qoalified for tbe section or sections in which such errors occur, and the 

votes shall be lost for the said section or sections. The votes given as 

President, to a Member who is not elected President, shall count to liim 

as a Vice-President ; the votes given as Vice-President, or Treasurer, 

to persona not an elected, shall count to them aa Councilmeu, unless 

they have just completed a term of office in such capacity. 

^^L The voting list shall not he sent to any Member and Associate 

^^HhoBe subscriptions arc more than one year in arrear ; nor shall any 

^^■^ Member be nominated on the hst. For lliis purpose, the Treasurer 

^^kll prepare previously to the meeting of Council, a hst of those Mem- 

^^ke whose subscriptions are more than one year in arrears. 

^B 12.~The result of the ballot for Officers shall he deelared at 

the General Meeting, to lie held in May, at which meeting general 

bnsiness shall be transacted. At the May General Meeting the newly- 

^^kcted Officers, after being declared, shall enter into offiix ; and this 

^HtBll be the last meeting of the session. 

^P 18. — The Council shall have power to supply any casual 
'vacancy within itself (including any casual iiicancy in the office of 
President), which shall occor between one May Meeting and another ; 
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and the officen so appointed shall retire when the person whoM ]dtn 
they fill would Imvc rctirod. YacancteB not filled np dniing the jttf 
shall be tilled ul the General Eloction. 

GENERAL MEETINGS. 

14, — The Anmm! GGncral Meeting shall take place in October, and 
shall he held in Newcastle. The Ordinary Meetings shall take pba 
in the SDcond week of each foUowinjf month during the sessioii, at Bndi 
hours and places as the Conncil may determine. 

15. — Seven clear days' notice of every General Meeting, Ordinaij 
or Special, specifying the nature of business to be transacted, shall tw 
given to every meml)er of the Institution. 

IG, — A Special General Meeting may be convened at any time 
by the Council, and such meeting sliall be convened by the Council 
whenever such is the declared wish of a General Meeting, or whenever 
a written requisition signed by twenty members, specifying the object 
of the meeting, is left with the Secretary. If, for fourteen days after 
the delivery of such requisition, a meeting be not convened in accord- 
ance therewith, the requisitionists, or any twenty members of the 
Institution, may convene a Special Meeting in accordance with t^ 
requiaition. The businees discussed at such Special Meetings ahall 
only be that indicated on the notice calling the meeting. 

17. — Twenty Members shall consitute a quorum for the purpow 
of a meeting other than a Special Meeting. Thirty Members 
constitute a quorum for the purpose of a Special Meeting. 

18. — The President shall Ije chairman at every meeting, or i| 
hia absence, one of the Ticc-Prcsidenta ; or in the absence of all the 
Vice -Presidents, a Councilman shall take the chair ; or it no Council- 
man be present and willing to take the chair, the meeting shall elect a 
Chairman. 

19. — The decision of a General Meeting shall be ascertained 1^ a 
show of hands ; or. when five McmberB or Associates shall demand, 
or the Giairnian may think it desirable, the decision shall Ik taken 
by a show of Members' and Asaociotea' tickets. The manner of 
counting the show of hunds or of tickets kIuiU be at the discretion 
of the Chairman, and an entry in the minutes, signed by the Chair- 
man, shall be deemed sufficient evidence uf the decision of a General 
Meeting. In caeee of equality of votes, the Chairman shall have a 
casting vote ; otherwise he shall not wU\ 
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— Qnefitions of a personal nature ariaing in a General Meeting, 
I, if possible, be referred to the Council, otherwise the decision of 
I meeting shall be taken by ballot on a motion or amendment 
t to the meeting. The ballot shall be taken by the voters (being 
mbers or ABSociatcs) writmg "for" and "against" on a slip of 
The slips shall be folded and collected, and then counted in 
e presence of the meeting, and the result announced by the Chair- 
Should fewer than twenty votes be given, it shall be 
understood that the question is shelved, and the votes shall be 
destroyed without being opened. 

21. — At every General Meeting of the Institution, the Secretary 
shall first read the miuntfis of the preceding meeting, which, on 
approval, sliail be signed by the Chairman ; business arising out of 
these minutes shall then be transacted. The Secretary shall read any 
notices which may have to be brought before tlie meeting. Notices 
of motion may then be given, and other busineea of tlie Inajitutiou 
may be attended to; but when a paper is to be read, the foregoing 
business shall not be extended beyond half-an-hour after the adver- 
tised time for commencing the meeting. The paper or papers for the 
evening shall then be read and discussed. 

22. — If within balf-an-hour after the time fixed for holding a 
General Meeting a quorum is not present, the meeting shall be dis- 
Bolvod. and all matters which might, if a quorom had been present, 
have been done at the meeting so dissolved, may forthwith be done 
on behalf of the meeting, by the Council ; except the reading or 
«ion of a paper, which shall not proceed in the absence of a 



r 23. — ^Any General Meeting of the Institution may be adjourned by 

) of the Members and Associates present if there be a quorum ; 

Shere be not a quorum, the case shall be met by the preceding para- 



— Eacli member shall have the privilege of introducing 
e friend to the General Meetings, for whom he must obtain, from 
Bie Secretary, a card of admission (see Form N in Appendix), but 
during sucL portions of any of these meeting as may be devoted 
to any boaincss connected with the management of the Institution, 

Ktors may be requested by the Chairman to withdraw. This shall 
doue if five Membera or Associates, or both, present reqnest it. 



COUNCIL MEETINGS. 

25, — The Couucii shall meet before each General Meeting, e 
on other occasiona when the President ehall deem it necesBaijd 
being summoned in cither case hj circular, stating the lime of i 
in^, and the buaioeES, so far as is known. 

No business involving expenditure of the fonds of the Institntioo J 
(except by way of payment of current accounts) shall be transacted air J 
any Council Meeting, unless the circular gives six clear days' notioc 
and states the btisincBS. 

All discussions of a personal character in the Council slull baJ 
considered and treated as being strictly confidential. 

26. — Tlic Couutil may regulate its own procedure, and del^atel 
any of its powers and discretions to any one or more of its number. 

The President shall, ex-officio, be chairman of all Council Meetinf 
and in his absence one of the Past-Presidents or one of the Vioe 
Presidents sliall take the chair, or in the absence of these, one of ihfl ] 
Conncibnen shall be elected to take the chair. Five membeiB of 
Council, including the Chairman, shall form a quorum. 

In the appointment of Sab-Committees, the Council shall determine 
the number which shall form a qaonim in each caae, and shall appoint 
a Chairman. 

27. — The Conned may appoint Committees cither from itself, or 
with the assistance of jwrsons outeide, for the purpose of transact- 
ing any ajiccial bnainess, or of investipiting specific objw;t8 connected 
with the work and interests of the Institntion. 

28. — All Committees or Sub-CommittecB shall be appointed by 
the Council, and shall be subject to that body, and shall report to it. 
The Council shall act npon these reports or recommendations as it 
may think best. 

29. — The Council may inrite to General Meetings or to Conncil 
Meetings any person or jiersons whose presence and assistance it may 
desire, and strangers so invited shall be permitted to Lake part in 
the proceedings, but not to vote. 

30. — The Secretary and Treasurer shall act under the direction 
and control of the Council, by which body their duties sliall, from 
time to time, be defined. 



31. — The Secretary shall take minutts of the proceedings at all 
meetings of the Inatitntion and Council, and enter them in proper 
books provided for the purpose. He hIibU write the corrospoadence of 
the Institution and Council, I'ead luinutes and notices at meetings, 
report discUBStonB, perform whatever other duties are indicated in the 
Bye-Laws of the Institntion as appertaining to his department, and, if 
retiuired by the Council, prepare papers for reading and publication, 
and read papers and commani cat ions at the meetings. The Secretary 
shall be appointed by the Council, and paid such salary as the Council 
maydecide ; he shall attend all Meetings, Council or General, but shall 
not vote. He shall remain in office during the pleasure of the 
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82. — The Treasurer shall receive all payments due to the Insti- 
iion, and shall bant the cash in liand whenever it amounts to ten 
pounds. The bank shall he determined by the Council, aud the bank- 
ing account shall be in the names indicated in connection with the 
Finance Committee. Tlie Treasurer shall keep a casli account book, 
general and detail, which shall on all occasions be open to inspection 
by the Finance Conamittee or by the Council. He sliall keep a register 
the names of membere, so arranged as to distinguish all members 
Loae subscriptions are in arrear. He shall also perform whatever 
ler duties are indicated in the Bye-Laws of the Institution as 
appertaining to his department. 

33. — A Finance Committee shall be appointed as a Sub-Com- 
mittee of the Council, and shall couaist of seven persons, viz., one 
bice-Presidcut, who shall be Chairman ; four <'ouncilmen, the Secre- 
■ry, artd the Treasurer of the Institution. 

■ The Treasurer shall be empowered to pay all amounts dne from the 
In^itution which are under two pounds. All amounts of two pounds 
and upwards shall he paid by cheque signed by the Chairman of 
Finance Committee, the Secretary, and the Treasurer. 



TRANSACTIONS. 

84. — The notice calling a General Meeting, at which a paper is 
) bo read, shall, when such can be aiTanged, contain a syllabus of 
mhjVt ■■ftlic imper. 



85. — All papers diftll be snbmitted to tlie Council for approval, an^ ' 
on their general ajipruval, ebull lie bunded to a K«adin^ Sub-Cou- 
mittee, at leaat three of wboiu elmll read the paper through. 

The Reading ComniittcG shall be at liberty to strike ont any parU 
which, in their opinion, ought not to be read. Tbey may also make 
any aaggesbions to tlie author as to [Toiuts whieh might with advanta^ 
be inserted or altered. The Secretary shall not be a member of this 
Committee. 

36. — The papers reiad, and the diBcnesions ou them, or such porticioa 
of tbera as the Council shall select, shall be printed for distribution 
among the members, each of whom shall receive a copy. These Trans- 
actions shall be edited by the Secretary, tu accordance with instmctious 
of the Council, who sliall have j^wer to omit paila of discussion wliicb 
may be foreign to the subject, or which it may be deemed undi«irable 
to retain. Each paper shall bear the date ou which it was read in 
General Meeting. 

87. — A copy of the imper shall, when possible, be sent four days 
before the date of reading to any Memberwho shall have applied to the 
Secretary for it, in writing, fourteen days before the date of reading. 

88. — Proofe of the reports of discusflions shall be sent for cor- 
rection to the members who bave taken part in the discussion, but must 
be returned to the Secretary within seven days of the date on which 
they were sent, otherwise tbey will be deemed correct, and will be 
printed off. 

S9. — The Council shall be at hberty to print as Transactione, 
either with the papers and discussions or separately, explanatory notes, 
etc., commum'cated after the reading or discussing of a [laper. 8och 
communications shall bear the date on which they shall bave been 
received by the Secretary. 

40. — The Institution shall not be held responsible for the e 
meuts and opinions advanced in any of the papers which may b 
or in the discussions wliicli may take place at the Meetings of t 
Institution. 

41. — Tn'euty copies of each paper and discussion sliall be presentfl 
to tbc author of the paper, for private use, and ouc copy sball be » 
to each member. Duplicate copies of parts of the transactions n 
laid or lost by members caniiot be supplied to them, except us p 
vided for in Bye Irfiw 44. 



'. — Tlie TrHnsni-tions ahall not be Buppliod free to members 
bhofle subscriptionB are more than one year in arrear. 

.— Anymeiiibcrelefted at anj time between tlieAnnnal General 
Meetings sball he entitled to copies of all the Trangactions issued 
during the session to which his first subscription applies; but not 
until the 8Ubacrii>tion has been (mid. 

44. — The Transactions of the Institution shall be the eiclnsive 
property of the Institution, and shall he published oidy by the authority 
of the Council. Tlicy shall Ik sold only by the Secretary, in such 
manner and at such prices as the Council shall have fixed. 

45. — During a. discussion upon any paper, no person shall be at 
liberty to speak more than once (except by way of explanation), nor 
for a longer period than ten minutes. 



r ACCOUNT.S. 

46. — The Council shall present the yearly accounto (up to the 
3lBt of May preceding) at the October General Meeting of each year, 
after they have been audited by a professional Accountant, appointed 
by the members at the General Meeting in May. 



, ALTERATIONS TO CONSTITUTION AND BYE-LAWS. 



47, — Alteration in or addition to the Constitution and Bye-Laws 
ly be made only by resolution of the members at the May General 
eeting, after notice of the proposed alteration or addition has been 
amiounced at the previous General Meeting. 

The resolution may be modified by the Council meanwliile. should 
tliey so desire; but in this case it shall be read at the May General 
Meeting in its original form before it is proposed in the amended form. 
Such resolutions sbal! be stated in the notice calhng the inter- 
vening Council Meeting, and also in the notice calling the May 
General Meeting, 

Any member unable to be prraent at the meeting at which such 
— ftltemtions are t^j be considered, but who is nevertheless desirone of 
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recording his opinion thereon, shall be allowed to vote by proxy, soch 
proxies shall be in Form in the Appendix, which may be had on 
application to the Secretary, and may be nsed by any member present 
at the meeting on behalf of the absent member, and counted by the 
Chairman as of equal value with votes given in the manner provided 
in Bye Law 19. 
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FORM A. (BYE-LAW 1.) 

A. B. [Christian Name, Surname, Occupation, and Address in full] 
being desirous of admission into the North-East Coast Institution of 
Engineers and Shipbuilders, we, the undersigned [Members or Asso- 
ciates], propose and recommend that he shall become [a Member, 
Associate, or Graduate] thereof. We know him to be [a Principal, 
&c., or engaged in, &c.,] and eligible for the proposed membership. 

FBOH PERSONAL KNOWLBDGB. 

Signed 

Four 
[Members or 
Associates]. 



Dated this day of 18 



FORM B. (BYE-LAW 2.) 

A. B. [Christian Name, Surname, Occupation, and Address in full] 
being at present a of the Nortli-East Coast Institution of 

Engineers and Shipbuilders, and upwards of twenty-one years of age, 
and being desirous of becoming a of the said Institute, 

we, the undersigned [Members or Associates], recommend him, from 
personal knowledge, as a person eUgible for the proposed Change of 
membership, because — 

{Here tpedfy dUtinctly the Qualifications of the Candidate according to 
the spirit of the Rules of the Institution,) 

Sisrned \ , 

^ ^ llireo 

[Members or 
Associates]. 



Dated this day of 18 



XIV 

FORM C. (BYE-LAW 8.) 

BALLOTING PAPER FOR MEMBERSHIP. 

Tlie Council having considered the recommendations for Member- 
ship of the following p:entlemen, present them to be balloted for, 
viz. : — 



MXMBER, 


ADDBS88. 


AlMOCIATK. 


Addruh. 


Oraduatk. 


APDBXaB. 

1 


i 

■ 

i 










1 
1 

1 



Strike out the names of such persons as you desire shall net be 
elected, and forward the list by post to the Secretary, or personally 
place it in the ballot-box at the Meeting. 



FORM D. (BTE-LAW 4.) 

Sir, — I am directed to inform you that on the day of 

vou were elected a of the North-East Coast 

Institution of Engineers and Shipbuilders, but, in conformity with 
Uye-Law 4, your election cannot be confirmed, nor your name be added 
to the roll of membership, until you have paid your first annual 
subscription, the amount of which is £ : : , or, at your 

option, the Life Composition of £ : : 

Payment may be made to the Treasurer, Mr. 

Address 



Dated 



I am. Sir, 

Yours feithfully, 

18 



Secretary. 



X.B. — In case of a Qradnate. strike ont **or. at yottr option^ the Lift 

Compom'twn of £, : .** 
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FORM E. (BYE-LAW 7.) 



Xobth-East Coast Institution of Ekginebbs and Shifbuildebs. 

CARD OF MEMBERSHIP. 

Session 1884-5. 

Name 

MEMBER. 



Treasurer 
Secretary 



FORM F. (BYE-LAW 7.) 



Nobth-East Coast Institution of Enoineebs and Shipbuildebs. 

CARD OP MEMBERSHIP. 
Session 1884-5. 



Name 

ASSOCIATE. 



Treasurer . 
Secretary , 



FORM G. (BYE-LAW 7.) 



Nobth-East Coast Institution of Engineebs and Shipbuildebs. 

CARD OP MEMBERSHIP. 

Session 1884-5. 

Name 

GRADUATE. 



Treasurer 
Secretary 
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FORM H. 



Nobth-'East Coast Institution of Engineers and 

CARD OP MEMBERSHIP. 

NavM 


Shipbuildebs. 


HONORARY MEMBER. 


Signed.. 


Date 






...Pteeident. i 




1 



FORM E E. (BYE-LAW 7.) 



Nobtu-East Coast Institution of Enoineebs akd Shipbuildebs. 

CARD OF MEMBERSHIP. 

Session 1884-5. 

Name 

LIFE MEMBER. 



Treasurer 
Secretary 



FORM F F. (BYE-LAW 7.) 



Nobth-East Coast Institution of Engineebs and Shipbuildebs. 

CARD OF MEMBERSHIP. 

Session 1884-5. 

Name 

LIFE ASSOCIATE. 

Treasurer 

Secretary 



FORM J. (BYE-LAW 9.) 

Sir, — I ain directed by the Council of the North-East Coast 
InBtitution of Engineers and Shipbuildei*s to draw your attention to 
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Bye-Law 6, and to remind you that the sum of £ of your 

annual subficriptions remains unpaid, and that you are in consequence 
in arrear of subscription. 

I am also directed to request that you will cause the same to be 
paid without further delay, otherwise the Council will be under the 
necessity of exercising their discretion as to using the power vested in 
ttiem by the Eule above referred to. 

I am, Sir, 

Yours faithfully, 

Secretary. 



FOEM K. (BYE-LAW 9.) 

Sib, — I am directed by the Council of the North-East Coast 
Listitution of Engineers and Shipbuilders to inform you that in con- 
sequence of non-payment of your arrears of subscription, and in 
pursuance of Bye-Law 9, the Council have determined that unless pay- 
ment of the amount (£ ) is made previous to the 
day of n.ext, they will proceed to declare that you have 
ceased to be a member of the Institution. 

But, notwithstanding tliis declaration, you will remain Hable for 
payment of the arrears due from you. 

I am, Sir, 

Yours faithfully. 

Secretary. 



FORM L. (BYE-LAW 10.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that they feel 
it their duty to advise you to withdraw from the Institution, or other- 
wise they will be obUged to act in accordance with Bye-Law 9 (or 10, 
as the case may be.) 

I am. Sir, 

Yours foithfully. 

Secretary, 
c 



XVUl 



FORM M. (BYE-LAW 11.) 



BALLOTING LIST. 

Pbibidbht. — QN£ Name onlj to be retomed, or the Tote will be lost 
President for the current year, (eligible for re-election.)» 



New Nominations, from whom to select ONB. 



Yice-Pbbsidbktb. — Six Names only to be returned (including the foui 

remain in office), or the vote will be lost. 



Four Vice-Presidents remaining in office, whose seats are NOT va 



I Two Vice-Presidents retiring, and NOT eligible for re-election. 



New Nominations, from whom to select TWO names. 



Tbbabubeb.— One Name only to be returned, or the vote will be losi 



:l 



Treasurer for the current year, eligible for re-election. 
New Nominations, from whom to select ONE. 



CouNOlLMEN.— Fifteen Names only to be returned, including the ten 

remain in office. 



Ten Councilmen remaining in office. These do not require to be 
for at this election, as their term of service has NOT yet ex 



* To be ero«6d out before inue, when the President if not eligible for re-election 
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Five Coancilmen retiring, and NOT eligible for re-election. 



New Nominations, from whom to select FIVE. 



N.B.— (a) [^The names of those who remain in oflBce will be counted in 
the total number required without being re- written by the voter. 

(ft) Any list having cither mobe or less than the required number of names 
voted for in any section will be disqualified for that section. 

(c) Votes as President for a person who is not elected will count for him as 
a Vice-President. 

(d) Votes as Vice-President, or Treasurer, for persons not so elected, will 
count for them as Councilmen, unleas they have just completed a term of office 
in that capacity. 

(e) This list, duly filled in, may be returned to the Secretary by post, or 
handed to him, so as to be on the Council table before the commencement of the 
scrutiny, which is appointed to take place in the Council Boom, at 8 p.m. on 

18 

(/) A copy of this list shall be posted at least Seven Days previous to the 
Annual Meeting to every Member and Associate, who may erase any name or 
names from the list and substitute the name or names of any other person or 
persons eligible for such respective office, but the number of persons on the list 
after such erasure or substitution must not exceed the number to be elected to 
the respective offices. 

Secretary. 



FORM N. (BYE-LAW 24.) 



Nobth-East Coast iNSTiTTTioy of Enoinbebs and Shipbuildebs. 



VISITOR'S CARD. 



Mr. 



Please to Admit 



to the General Meeting, to be held on 



, Secretary, 






7-mMcm SW-'JB 9 



rjecTsawawxt — »rr SAtnm i 



^ f vir TiDe-fworteaa w 



" - Tw. T^os-^itmiten*-* re:iriay, ud 50* eUgible for 



r IV<nr K'lminsttiMU, frvm wbf>m to leJeet TWO n 



TXKAMUItlcR^OKB Niwe 'mlj tn be Tetamed, or the rote wiU he lo 
— TrwMmroT tiir the current yar, elif^ble for re-election. 
— — — L Now NrnnltiMlnni, fnim whom to (elect ONE, 



C*oi[it(iit.iiiil(,— KtrriRH Naum nnly lo lie hmikw'. inpludiag "» i 
rcmnin In office. 
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FORM 0. (BYE-LAW 47.) 



North-East Coast Institution of ENOiysEBs and Shifbuildebs. 



FORM OF PROXY, 
Foe Votes on Alterations to Constitution or Bye-Laws. 



I, , being [an 

Honorary Member, Member, or Associate] of the above Institution, 

do hereby appoint Mr. , 

who is [an Honorary Member, Member, or Associate] of the same 
Institution, to act as my Proxy, and record my Vote at the General 

Meeting of the Institution, to be held on the day of 

, 18 , and at any adjournment thereof. 



Signature 
Address .. 



NORTH-EAST COAST INSTITUTION 



OF 



ENGINEERS AND SHIPBUILDERS. 



GENERAL MEETING, NOVEMBER 28, 18ai, HELD IN THE LECTURE 
HALL OF THE LITERARY AND PHILOSOPHICAL, 
SOCIETY, NEWCASTLE-UPON-TYNE. 



W, BOYD, Esq., Peesident, in thb Chaib. 



The President, in opening the proceedings, said, he felt he had not 
sufficiently made it apparent how thoroughly and how very strongly 
he recognised the compliment paid to him in electing him to the office 
he now held. The difficulty in such cases lay in not being able to 
convince the hearers that what was said was sincere. Many a man had 
expressed himself as feeling very incompetent for the post he was called 
upon to occupy, whereas, perhaps in his inmost soul, he thought you 
could not have got a better man. Probably the truth would be found 
somewhere between. He could not confess he felt thoroughly incom- 
petent, but at the same time his conscience would not allow him to 
say that they could not have got a better man. He hoped the Insti- 
tution which they inaugurated that night, had a great future before 
it> and he would yield to no man in his appreciation of the future 
and the great career that he felt lay before them, and he would yield 
to no man in his anxiety to carry Ibrward and assist it to his utmost. 
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PRESIDENTS INAUGURAL ADDRESS. 



I Gentlemek, 

It has lx;eti auggest«l, that in the case of this newly-ronned 
ptitution, with its still unwritten history, the proceedings should 
loubtedly be inaugurated bj some remarks from the Presidential 
Deeirona to satisfy, however imperfectly, any wiahee of this 
1 that lie within my powers, I propose to aak yonr attention for 
^ort time this eTeoing. 

[ The treatment that has rceommended itself to me is to address 

self for a few moments to put on record as a matter of future 

t the stejis which have led to tlie formation of our Institution 

1 its present form, or, in other words, to trouble you with a short 

retrospective narrative, and tlien to lay Ixjfore you some thoughts 

which have passed through my mind as to the future aims and objects 

tich the meml>ers of the Institution may profitably keep in view. 

LeaTing then in the obscurity of the past those vague conversatioDS 

1 indefinite aspirations which I know have jiassed in days gone by 

long some of those who arc now members of this Institution, and 

E irhich the want of such a society in this north-east district of ours 

I generally admitted, I believe I am correct in saying that these 

iiVKWtions and these aspirations first assumed tangible shape in a 

IT which appeared in the Ketecagtle Daily Journal of March 17th, 

, above the signature of your present Honorary Secretary, Mr, 

■, 0. Spence, disguised in the nom rfe plume of " T S>|uare." 

Some time elapsed before anything further was apparent, but 
jonr Secretary and his friends were not altogetJier inactive, an3, on 
September 19th, a private meeting of nine junior members of the 
professions of engineers and shipbuilders was held, which resulted 
in circulars being issued, soliciting support in the formation of a 
Society for tlie reading and discnasiou of technical papers on subjects 
of interest in their daily work. This circular was issued in the names 
tthe following gentlemen — and I think it is right that they should 
krecorded in the annnls of the Institution — viz., Jfessrs. W. G, Spence, 
pr, Green, "WiUiama, Sinclair, Stevenson, Millar, Winstanley, and 



Tiie issne of thia circular resulted in a meeting telS in Cbe 
Surgeons' Hall on October Sth, 1884, when the chair was occupied 
by one of your Vice-Preaideiits, Mr. C. W. Hutchinson. At Ihil 
meeting our Society was practically inaugurated ; and though manj 
important modificationB have since been made, the foondationB of tbt< 
Institution, which we all hope will yearly grow in importanco, and K 
day obtain for itself a recognised position among similar t 
were then I'irtoally laid. 

But an idea that possesses iuhcreot virtue and a scheme that ei 
unwittingly supplies a want hitherto unfelt and unacknowledged, ir 
apt to develop with a rapidity and strength of gro\rth quite qd 
pected : and this has been the case here. Another circolar 1 
issued, indicating in outline the constitution of the proposed InititS< 
tion. and while much thought was being bestowed upon the b 
means of effecting a union between what I may describe as the sen 
and junior members of oar profession, it was soon apparent thil 
instead of any great difficulty being found iu bringing this about, d 
elemenla and the inclination for such union were not far to seek. 

A pablic meeting was held in the Surgeons' Hall on October 32ii 
over which I had the honour to preside, which was very j 
attended, and at which the formation of such an Institution i 
warmly advocated ; and I think I may say that at that meeting t^ 
key-notes were struck of great importance to our future well-being. 

(1) That our aims should be high — that we should not be contai 
with a mediocre position, either as to number of members or the scoj 
of our proceedings ; and that, while room should be found for thai 
who had still to win their spurs in the professional conflict, yet tl 
the Institution should ii\m seek the adhesion of those others whof 
greater Information and extended experience would entitle tbem | 
be heard. 

(2) That in our papers and discasaions we should, young and oti 
meet on equal terms. That he whose position amongst us is to be fi 
cognised as the highest shall be the man whose brain is the cleam 
whose intellect is the keenest, and whose powers of expression sht 
best compel the respect and the concurrence of his hearers, 

(3) Lastly — bat by no means least — it woa unanimously felt tb 
the Institution should embrace not only the Tyne, but the Wear i 
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the Tees, those centres being poBscsscd of men bb eminent and as 
capable as any that the Tyre can boast of, and, consequently, if the 
Institntton was to be a bqccpbs, their support was abeolutety neceBsary. 
At this meeting tiie number of the previonsly-formed Provisional 
Committee was largely increased, aevoral representatives from Sunder- 
^■Dd being added thereto, aud, under the ohairmanahip of Mr. C. W. 
^■Dtcliinson, lon^ and arduous have beeu their labours. It is, how- 
^per, unnecessary that I should trouble yon with them in detail here. 
^Hbey were fortauatc in securing not only the adhesion, hut, if I may 
^pe the term, the enthusiastic support of the men of Sunderland, and 
^Beir deUberations resulted in many important moditjiationa in the 
^■Riposed constitution ; these were presented to the meeting of 
^KiTember 20th, 1884, when the outline of the future constitution was 
^Kmlly determined upon, and when the Provisional Committee trans- 
^■rred their duties to the Council appointed at that meetmg. 
^B Id their hands the conduct of your Institution now rests, and 
^■grhaps I may be excused if I say one word to plead for your support 
^■d assistance to that body. I would remind you that tliey are 
^■DctiTe, and the direct representatives of the body of the mcmbei-B. 
^Bistakce they will doubtless make — no human orgnniKation can be 
^■ae from them ; but, gentlemen, I entreat you, give them yonr 
^Bnfidence. A substantial proportion will come before you yearly to 
^^K your approval of their management, and on such occasions your 
^BJcs can be constitutionally heard ; but in the intervals pfive them 
^BB credit of being actuated solely with the desire for the l«at iiiteresU 
^Hthe Institution, since without that generous confidence their labomre 
^Bll indeed be in vain. 

^B If I am not wearying you, may I now say a few words aa to the 
Ktnre? 

^m What are the objects and aims which we should set before us, and 
^Htftt are the objectH and aims for which we have banded ourselves 
^Kgether? To use the words of our constitution, these are; "The 
^^■VBHoement of the ecience and practice of engineering and ship- 
^^■Ming, and the interchange of ideas and information among its 
^Bembers, by means of meetings for the reading aud disctiBaion of 
^B^WTS relating thereto, and placing on record its transaetions." And 
^■ryoQ have seen fit to elect me to the pisition I now occupy, may I 
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be pardoned if I endeavour to indicate briefly some aobj'ects to wbiolb 
in my opinion, your attention may profitably be directed ? 

Although it has, I think, been wisely decided that oor dooit 
should be open to all branches of en>;ineerin^, it must be admitt^ 
that our prlucipal and chief raMon (Cdre lies in the Bubjeel of Navd 
Architecture, embracing by that (firm not only the hull of the vcasd 
but the machinery of propulsion and all other contingent or ooi 
tributory a])plianceB. 

In this great industry, upon which wc on this north-east coast ai 
BO largely dependent, we see ourselvea face to face with a foreigl 
competition, daily becoming keener and more difficult to meet, 
the consideration of such mnttera I trust I am nob too sanguine n 
hoping that our senior members will be valiiiible contributore ; 
especially in such discussions will a place be found for our aaeociat 
members, shipowners, and others, not perhaps directly occupied in oc 
profession, bnt whose acquaintance with the problems to be aolva 
and of the condition under which only cun success be achieved, wi 
doubtleaa stimulate us in our cndeiivonrs bo produce vessels of varioO 
kinds and to seiTe various purposes, which may in their cnmmeroil 
and economical results lend increased iirusjicrity to our undertakings. 

I imagine that no shipbuilder or naval architect among us wj 
contend that the beat type of vessel is already designed, and that tb 
ship of to-day is incapable of improvements. The most oursory fi 
amination of the subject will convince to the contrary. 

The simple fact of the appointment of the Load Line Coromitte 
and the more recently appointed Committee on Merchant Shippinj 
proves that a multitude of questions affecting our commercial fleet ai 
open for debate. 

I cannot but feel considerable hesitation in approaching thia pai 
of my subject, from the consciousness that it is not exactly my ow 
department of work, and that we have among us many men mud 
more capable of dealing with it than I can hope ia be, [notably o 
our Vice-Presidents, whose published works are regarded amonc 
text-books of the science, and whom I now gladly ventare to take th 
opportunity of welcoming to the North of England. 

Probably the qucstirtn which among others towers pro-eminent il 
that of stabiliti/ -. and it is right that it should be so, seeing that thil 
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qnestion involves that which many others do not, viz., the safety or 
riak of human life. It is, I suppose, an admitted fact, that in the last 
few years the tendency has heen more in the dii'cction of increased beam 
relatively to other dimensions than was fornierlj the ease, and that the 
narrow deep ship of a few years batk is giving place to proportions, 
probably embodying greater safety. But may it not be that danger 
and risk have arisen in some measure from inBufficient knowledge and 
information supplied by the Hhipbiiilder, to the shipowner and his 
captain, of the character and capabilities of the vessela placed in their 
hands, aud that as more attention is given to the best proportions, and 
more information ]ilaced in the hands of those in charge, we may 
reasonably expect to see a diminution in the aataiKr of prevenliblt 
losses at sea ? Already one of our members has designed appliances 
calcnlateJ to make the stability of a \-6ssel, under varying conditions 
of load, more evident tf) those in churge at sea ; and the efforts of 
another have lieen dii'ected to bring into more general use simple 
methods of calculation and of graphic demonstration of scientific 
shipbuilding. 

There is, moreover, no reasonable room for doubt that we are in a 
transition stage as regards the material used in the construction of onr 
steamei-s, and that year by year an increasingly lai^ nnniher will be 
built of steel. Hitherto, we in this district have laboured nnder some 
disadvantage in this respect ; hut now that we see the existing works 
of Bolckow, Weardale, Cousett, and Palmer increasing their capa- 
liilities, and the newly-established steel works at Elswick rapidly 
approaching completion, we may hope that in this respect the ship- 
bnilders of the Tyne and Wear will, before long, be placed in as good 
a position oa their brethren on the Clyde. 

It woidd be impossible in the time at my disposal to enumerate all 
the intcrcsttagaud novel questions which present tlieniaelves to the 
shipbuilder of to-day, but two others I may perhaps mention. One is, 
iraprovementa in the loading and discharging' of cargoes by the sub- 
Btitution on the deck of the vessel itself of hydraulic instead of the 
ordinal^ steam appliances, a system which has lately been much 
brought before the shipping world, its introducers claiming fur this 
arrangement a smoothnesa of working, economy and rapidity of action 
( obtainable by any of the present methods. Forming almost part 
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and parcel of the same subjecb, innfimnc)) as it tends t 
time during which any vessel lies unoccupied, or wl 
happilj dcsigcated the "dead life" of a steamer, is fonnd in the 
system of lighting by electricity. The advancement in practical 
electrical science has been so rapid of late, and electrical appliances 
are now obtainable at 6o much tower cost than formerly, that we, find 
a great increase in the numlwr of passenger vessels supi)iied with this 
luxury i but probably liefore very long, as the cost of the first installa- 
tion is still further reduced by healthy competiiion, and byimproved 
and more economical production, we shall see the system more and 
more largely employed for giving light during the loading and dis- 
charging of ordinary steamers, and I draw this conclusion with tbv] 
more certainty as the manufacture of such appliances has been l&tdfj 
entered upon by a well-known firm of engineers in oar own neigl 
bo ur hood. 

I cannot leave thia part of my subject without showing that I hai 
in my mind that hi<rheBt branch of naval architecture which haslat^ 
made a home among ub, and which wc trust may, as time goes on, add 
to the reputation of Father TjTie. Of course I allude to vcsaela of tha 
" Esmeralda" type, and the cruisers and vessels of war, of which we 
have all heard so much of late in the public printB. These vessels ore 
BO entirely a speciality, and their construction and equipment so much 
out of the ordinary experience of most of us, that we can hardly 
them as very likely to furnish many subjects fur discussion or 
here. We may hope, however, that the building of these and 
vessels of much larger and hea\'ier types will add much to the weal) 
prosperity, and fame of our locahty. 

Xor when we come to the department of engineering is the 
before us one whit less extenBive or intereeting. The history of th»' 
science or profession of engineering and shipbuilding shows us at onoB 
that any great step in advance has generally occurred in periods when 
the profitable employment of the article produced became increasingly 
difficult. Through snch a period we arc now passing, and it behoveo 
us all to use our utmost endeavours to turn it to the best accoimt both 
for ourselves and others. It is nothing new to tell yuu that men's 
minds arc nowlieing directed towards the profilai^le and practical em- 
ploj-ment of higher working pressurea of steuin in steamships, and to 
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the adaptation to commeTcial and everyday use of the advantages 
dorived from the use of forced draught in order to obtain a suijcrior 
comhustion of the fuel used. 

That Bome degree of saecess in the direction of the employment of 
Higher steam pressure has beoQ atttiiued is a matter that admits of no 
IH^- d ooht, and I venture to record my opinion that the triple expansion 
H[|oginc, working on three separate crunks, is destined to become the 
^nnariDe engine of the future. The use of stoam expanded something 
like ten or twelve times in the triple expansion engine, as compared 
with, say, six or seven times in the ordinary compound engine, seems 
likely to afford in practice an economy fully e<iual to that theo- 
retically due to the employment of the higher pressure, and the auh- 
diTisioii of the rotary effort on the, crank shaft, by attaching three 
Bcparato cylinders to three sepivratc cranks, and thus increasing the 
nnniber of the points of initial pressure from four to six in each 
revolution, seems, in my opinion, to promise a more even distribntion 
of the effective power, and consequently a smoother working piece of 
machinery than we can hope to possess in the ordinary compound 
engine. 

To illustrate my meaning on the latter point more fiilly, I may be 
permitted to add that I recently saw a triple expansion engine work- 
ing ou lliree separate cranks, and with a workiug presenre of 150 Iha. 
in the boilers, revolve smoothly and continuously and without stop- 
page at twelve revolutions per minute, and I believe this is a result 
not obtainable in an ordinary compound engine. This indication of 
equalization of strains and consequent smoothness of working will at 
once commend itself to all practical men. 

Whether we shall find ourselves stop short with an expansion of, 
eay. twelve times, as in the present triple expansion engine, with a 
working pressure of 150 11>8,, or wbcthei-, as may very possibly be the 
ease, we shall advance to fifteen or seventeen ratios of expansion by the 
employment of four cylinders of increasing dinmutcr, imd a working 
pressure of 200 or 250 lbs., remains to be seen ; hut before this can bo 
done BODie material modification will be necessary in the hoilerE at 
present in nse. 

At present, in order to comply with Lloyd's regulations fora work- 
ing pressure of 160 lbs., the shell plates of a steel boiler 13 ft. diameter 
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muat be 1 j\ thick, and I believe that such a thickness of plnle p 
Bente eomething like the maximum that can be Batigfactoril;^ de 
with in practice, bo as to ensure a permaneotly steam and woter-tigt 
structure, having in view the variation of temperature and the cone* 
quent unequal expulsion tliat must of necessity exist between the U 
and the bottom even of boilers of the best nnd most careful d 
If, therefore, n further advance is made in working pressure, boila 
of small diameter and greater length and different designs mast b 
contemplated, and probably the *' straight through" boiler, with t 
small tubes leading directly from the fumace-lwx. or what is common 
called the Admiralty type of boiler, will be most likely to come int 

If this be 80, serious modifications must necessarily follow m 
arrangement of the space allotted in vessels for the engines 
boilers, and then will come into play the combined efforts of the ni 
architect and the marine engineer, to design snch a combination i 
the apace at their disposal shall be economized in every possible 1 
BO that the carrying capacity of the vessel be not sacrificed to imj 
menta in the propelling power. 

The other point of forced draught, to which I have alluded, ia 
more in its infancy, but it by no means follows that it may 
shortly grow to strong and vigorous manhood. The advantages wl 
have been obtained in vcasels of war from the employment of 
system under certain conditions are so very great that I am Jed to I 
that before long the stimulus of healthy competition, andthedem 
for improved reauita, may contrive some adaptation of that or simibi 
systems to the meruantile marine. I may refer those present to 
paper read by Mr. Ilowdon, of Glasgow, on this subject, before tli 
Institution of Naval Architects, in April of this year, describing : 
arrangement which is now in practical operation at sea, with b 
prospect of the most aiiccessfal results ; and whether the adaptation 
the syfltern assumes this or any other form, I feel much confidence 
commending the consideration of the matter to your earnest attentioi 
believing as I do that it affords a wide field for inquiry and 
' of i-esnlts perhaps hitherto uu contemplated. 

There is one other matter of the most vital interest to both sbil^ 
builder and engineer to which I beg your attention both now 
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hereafter, viz., the proportion that the indicated power developed by 
any Bystern of machiuery bears to the eflective power usefully em- 
ployed in propelling the veBsel. In Engitueritig, under date October 
17tli, 1884, IB recorded a most interestii^ account of a series of trials 
held on the United States Fish C'omraissiouers' steamer, " Albatross," 
in which vessel a series of apparently elaborate and careful eiperimente 
were made to determine, witb accuracy, how much of the total indi- 
cated power was ttsefolly employed in the propulsion of the vessel. 
These fi<riires and calculations arc open to reference by any of you, and 
hence I will not trouble yon with them at length, but it would appear 
to be dearly shown that, while the engine developed 457'o indicated 
horse-power, only 289'6 indicated horse-power was appropriated for 
the propulsion of the vessel, or, say about 63 per cent., the remainder 
being absorbed in the friction of the engine and pumps, friction of the 
propeller on the wiitcr, and slip of the propuUer. Is this conclusion 
correct ? and if so, is the resnlt not in some way capable of improve- 
ment? 

I have hitherto spoken of " Improvement in the article produced," 
and I would now say one word on the subject of "Economy in 
production." 

In the address which my friend Mr. Westraacott delivered, as 
President of the Institute of Mechanical Ei^ineers, in 1882, he made 
use of the following pregnant words, " Xever undertake the smallest 
piece of work without wrapping it round with economy." 

Now, economy is of two kinds — the true and the faUe ; and it by 
no means follows that because a "piece of work" is cheap, that it is 
therefore economical ; but if we steadfastly set before us to produce 
nothing but what shall be efficient and perfect for the service in which 
it be employed, then economy in its production cannot be other than 
a gain. 

This practical direction for our efforts is one that must commend 
itself to all, from the oldest to the youngest ; for while circumstances 
may render it possible lor only the older among us to deal with some 
of the broader or lai^r questions involving commercial and general 
issues, into the consideration of which many matters contribute, yet 
there is no piece of machinery and no part of a vessel bo inaignifi- 
^Uut but that some improvement may be effected in its economical 
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production, and it is in this department thnt the efforts of deelgnt 
foremen, and others may Iw employed with the utmost advantage ai 
m&y be fniitM of reaulCs tittle contemplated at the outeet of Lh( 
laboui-B. 

Permit me to allndo to one or two points to exemplify my mcMUiigJ 

Without entering into any vexed trade queationa, it is an acknow- 
ledged faet that the sums paid to ironworkers employed in the OOQ- 
struction of iron vesselB is ont of all proportion to those earned ty 
men of their class in other trades, and that, as a couseqaonce, 
building of tJie hull of u ship becomes a most costly operation. 

Now, the "closing" of the heated rivet has for some years 
been accomplished in boikr-building establishments by hydranli 
steam, or other mechanical agencies, and it becomes an intereatinf 
question to discoTer what really stands in the way of the applicatioi 
of similar appliances to rivet up the hull of an iron ship. 

Already more than one system is in use in the shipyards of thi 
Clyde and the North-East Coast to rivet the keeia, beams, and frame) 
of iron vessi^lfi by hydraulic appliances, but these systems have nol 
hitherto been incoqrorated into daily work or common use ; one reasoi 
being, 1 think, that they are at present only capable of partial 
cation in the work of an ordinary shipyard. 

The present design of constructing an iron ship, with its Teitii 
frames and reverse bora, and horizontal lines of plating, seei 
the door to the hydraulic rivetter, and prevent the shipbnildor calli 
this class of machinery to his assistance. But is the present con- 
struction of the ship capable of no alteration or improTCment ? It IM 
true the design is to all intents and purposes universal, but ia it,' 
therefore, necessarily the best ? I am of opinion that the naval de- 
signer who can propose a method of construction which shall admit <^ 
greater employment of mechanical contrivances in the building of hia 
hull, while at the same tunc lie carefully retains a form of structure 
capable of resisting the varyuig strains which are thrown upon jt^ 
will, by promoting economy in production, stimulnte demand for thft 
article produced, to the great advantage of all classes of the community. 

There is another matter in an ordinary shipyard wliich to th©' 
mechanical mind seems to attbrd great scope for economy. I mean 
the transjiort of materials from the furnaces and liending block* and 
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ichiDg machineB to thwr places in thu completed structnre. The 
tot E^stuui tit' liand bogies, laboriuualy hauled ocrusa the yard b; a 
gai^ ofmeQ, the udjuatmeut of the lilocka and chains, and the epas- 
modio elibrta by which the frame of the ship is eventually upreai'ed, or 
the plating finally reoches ite destined place, is, of course, familiar to 
alL Again, I ask, are tliese matters capable of no economical 

ivemcnt ? 

In the workshop of the engineer the eame thing holds good. Are not 

the large majority of our machine tools capable of some improvement 

which shall greatly iucrease their [lower of produrtion ? In the pusi- 

of the cuttiDg tool, in the speed at which the machine is driven, 

the care with which the character of tlie machinery is adapted to 

work it has to perform, we may all find abundant HiAil for the 

pation of all the mechiinical and scientilio skill and experience 

which we maybe fortunately endowed. 

In fact it resolves itself into u question of "enthusiasm." If a 

If to consider with how little work or how little 

ible and exertion lie can earn his yearly stijiend, the result is of one 

; i^ on the other hand, he be an enthusiast in his uccu|iaLiou, 

and Uie constant atndy of his life is, how much, not how little, he can 

acfompUah, then the result is widely different, and fortune (pro- 

vcrbiaUy fickle) is indeed ungracious, if as years go on, a man of this 

nature does not find himself passing in the race of iife those who 

started on equal terms with himself. But 1« the result what it may, 

will at any rate be possessed with the consciousness of having done 

best with those talents which God has given him. 

Finally, one word as to the character of our Papers and Discussions. 

I was reading lately an acconnt in an Engineering paper, of a 

it meeting of the Cleveland Institute of Engineers, in which the 

Ion was espreased that local institutions were less and less likely to 

ish, for the reason that the two great engineering institutions of 

country, the Civil Engineers and the Mechanical Engineers, with 

head-quarters in London, were found to supply all the requisite 

iation desired by professional men. I venture to differ in tolo 

this conclusion. 

If the publication of jjapers was everything, it might be so ; but 
view of the case leavea out of account ultugether the discussions 
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on the papers read, and to mj mind tlils is a most important element. 
We cannot all attend meetings in London, and the formation of snch 
a society as this will, 1 believe, afford opportunity for bringing to hght 
many a half-formed ramception, and many a crude idea, the neoesesiy 
oondenaation and clear exposition reqaisite for the presentation of 
which, in the form of a paper, will give life and real e^t^nce to that 
which was before, perhaps, but vagne and ephemeral Those who 
have ever tried their iiands at writing a paper for any scientific body, 
will bear me ont in the Htatement that no other process has the Eame 
edacational value to the writer himself. It renders necefiaar; a 
thoroughness of knowledge and perfect acquaintance with the sabject 
in band, obtainable by no other method I know of. 

Papers need not. however, be lengthy. The best and most 
vslnabtc discaasions often arise from the shortest paper, but writers 
should, I think, be curofui that the subject on which they discouiK 
most be their own, and not in any way the property of others, and 
also that the aim ot their efforts should be the exposition and elabora- 
tion of scientific and practical truths, onmixed with any undra'lyiiig 
intentions of a different character. 

The free and trank discussion of such papers, guarded by considerft- 
tion of the views and feelings of others, and clothed in dear and 
appropriate words, muisl. I feel sure, be of incalcnlable benefit not 
only to ;the speaker himself, but to his hearers. A habit of concise 
expression and clear description will thus be promoted, which will bear 
fruit not only in onr meeting, hot in the intercourse of everyday life ( 
and it is with the earnest hope that our proceedings may bear tbfi 
character which 1 have thus feebly endeavoured to depict, and that no 
word may be spoken and no act committed among us, other than thai 
which shall be worthy of English gentlemen, that I now heg most 
BiDcerely to thank yon for the patience and courtesy with which yoa 
have listened to my remarks. 



Mr. C. W. Hutckissos begged to move a vote of thanks to the 
President for the very valuaUe paper he had given them. He would call 
the utentiou of the meeting Co a very beautiful instance of natural aeleo- 
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1 aa to two officera of the Institution. Tho Preaident had referred 
» letter, a copy of which he had with him, which was published in 
Karch last in the Daily Journal. It read : — 

Sib, — la it at all creditable to a communicy so larg:cl; intereited in ^ngineorin^ 
ilupbuilding that no Aiuacistioii similar t^i the lastitution of Engineers and 
pbuilden in Suotland exists in this distriatP There is certainlj no lack of 
talent or energy on TjnGsiile, and in a profession so full of interesting matter there 
could be no want of subjects for discussion. It is well known a valuabla society, 
Tertrict«d to foremen engineers and draug:Utsmen, eiists and flonrislies ; but there ig 
grent room for an eitenainn. which would iacludo lather in a graduate section, or 
some sacb form, a division more immediately in contact viith the joanger members 
of tbe profession. The present vonid appear to be a favourable season to more ia 
that a meetiog might be called and a committee formed to arrange 
papers, ei£., during the summer, so that a sewrion might be inaugurated neit 
iter. 1 am sure this is a subject whicli only rcqniros to be mentioned to com- 
itself to all members of the kindred profesBiuiis. An expreasioti of opinion 
;h your columns might ultimately load to the formation of sach an institution. 

"TSqfaeh." 
On the day of the iaaiie of that letter a reply was penneii, the 
writer of the reply not knowing who "T Square" wnsj and the reply 
appeared in the Jovmal next day, in the following words : — 

Sib, — The letter appearinp; in joar issue this morning, signed "T Square," 
u tho nom de plumt is concerned, be a puzzle to those of yaur rcadcra 
ac^juaiiited with the masteries of a drawing office. Your correspondent 
however, allnded to a want which ought not to be allowed to exist any longer 
this important shipbuilding and engineering district. What might bo the best 
form that the scheme should take, espuHally in reference to the existing Association 
of foremen Engineers and Urauglitsnien, would be a subject for futnro cousidera- 
bat I think tliat if yonr "sqnare" friend nerc to make hiuisulf knon-n be 
lid find many willing and aniions to help liiin. 1, for one. would gladly do 

I could .^ — I am, etc., 
Willsend Slipway and Engineering Worlni, W. Boyd. 

March 17th, 18M. 

A finer instance of proper selection, he thought, ooald not well be 
ind, since " T Square, the writer of the firet letter, ia the Houoi-ary 
Bcretary of this lustitution, and the WTiter of the reply is the first 
eBident. 

Mb. Robert Thompson said, he had very great pleasure in rising 
b second the motion of a vote of thanks to the Preaident. He was 
d at the able manner io whioh he had sketched out the work of 
B Institution. He thought that the quality of the papers rested 
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with themselves j they were a question of ahUitv, and those who came 
forward witli pipgrs would bo the men, he thought, to pnsh to the 
front. 

Mr. William Clark said, he abo had very great pleaaare i 
supporting the motion put before them. He was very glad of thk 
opportunity to bear wituees of the great trouble Mr, Boyd had beett 
pat to, nnd the able services he had readered in the formation of tfaif. 
Institution, in faot it could be coiifjratu luted most sincerely on its fi 
President. The President in refurring to the papers had very wisely, h 
thought, stated that they had memlK-rs who were so conspicuous in thdif 
profcsHion that their Transactions could not fail to take np a very d 
tinguished piisitioa. At the same time, he believed, there wonld t 
bo another class, probably not quite so ambitious, but which would bt' 
of equal value, The uotiou he hod in joining the lustitution n 
that it woe not merely to promote the advancement of shipbutldii^ 
and engiueerinp;, but to promote the advancement of their own kn~~-^™ 
ledge on these subjects; and he believed there was no Institution n 
likely to do so than this. One of the original objects in the fomiatioo< 
of the Institution was, that those who wei-e actually engaged in ^M^ 
carrying out of the work should have an opportunity of meetii^ e 
other, and learning from each other their cvery-day experience. H^ 
believed that workshop practice and results of their work would tanO 
as valuable papers as any they were likely to have. 

Mr. \V. H. White said, there were one or two points in t 
President's address which chimed their direct attention, if t 
wished to make the Iiistitntinn the success that he hoped andbelievfli 
it would \)c. He thought that his closiug remarks deserved thuv 
earnest attention. They did not want papers which, like manf 
French publications, begin at the Creation and end at the Millennitim.. 
It was not that kind of paper that would be of service to them, but it, 
was papers that contained clear ideas. They did not want ti 
they were not in place in an Institution like this. They aime to dtscnn 
something which would advance science or practice, and therefore, 
something nioro modest than a treatise. He hoped it would be a 
fentnre in the institution that the contributions of the younger mom* 
hers would Itc encnnragod. The younger momlicrs engaged indetallod 
work were mure likely to hit upim something useful than wei'e men J 
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10 were older, with their powers of prodactloa necesearily limited, 

compared with those who were younger, and had their miadB freer 

reBponsibitity. If the youDger members of the Institutiou could 

ly be content to produce something brief, and pointed, and uaefnl, 

their contributions would be welcomed and treated with 

that consideration which perhaps their own modesty would think their 

papers scarcely deseryed. He hoped this Institution was goiug to have 

a fffeat educational effect. He hoped the graduate section would 

relop into Bomething that would be a credit to the North-East 

If they were going to meet foreign competition they must 

it with training. Those who knew wiiat had been done abroad 

in France. Germany, Russia, and other countries, in that very matter 

of technical education, must kuow how great our need wn^ and he 

boped the graduate Rection would produce a great educational l>enefit 

the drstriot. He trusted that Glasgow was not going to lie allowed 

remain alone in the possession of a "chair" of Naval Architecture, 

had not the least desire to encourage jealousy, but be thought this 

:rict was large enough Ui have its own training both in the suix)r- 

lale and the higher lirauchcs of Naval Architecture and of Gugineer- 

One other remark he wished to make. There was a considerable 

ig in some quarters that an Institution such as this might do harm 

the legitimate claims of business by publishing information which 

perhaps had been acquired by a particular firm at great esjiense. He 

thougiit that if the Presideal'fl golden rule were always ohser\'ed, and 

bbat the writer of a paper was always careful to use only his own 

"ty, and not the property of others, the risk, which some people 

otherwise wished us well imagined might cause disaster, would 

altogether avoided. He hoped lie was not discouraging investiga- 

He was not saying a word t^aiust the publication of knowledge 

had no lielief in secrecy — but it was necessan-, especially for 

who might not occupy a first position in business, to be careful 

even to give the shadow of suspicion of going beyond that use 

iwledge which was legitimate and proper. He would further 

to say that he hoped that the existence of this Institution would 

;jn no sense regarded as an attack upon the luatitutiou of Naval 

itecta in London. There should be, he thought, in London some 

Institutiou, and they ought to regard it as the parent Institu- 
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t.ion, and make it ia the future a greater Buccess than it had I 
the piiHt. 

Mr. J. 0. Stibzaker endorsed the remnrks already made respecting I 
the interesting address of the President. He thouglit the joanger I 
memtKrs would hold back unti] some of tiie "seniors" had set theiB I 
an example, and he considered it would be rather diffieulc lor iltil 
juuior luembem to give papers nnd not to a certain extent infringe I 
upon other people's property. Certainly employers had a chance of J 
giving information which their employe!^ could not have. It i 
very difficult to make a paper thoroughly interesting withoat giving'! 
Btattstics of difierent kinds which, possibly, would not be liked by Iheita 
employers. 

Mr. F. C. Marshall said, occupying the honoQrable podtii 
in which the membcrB liad been good enongh to place him, he might 1 
be allowed to put this vote to the meeting. In doing so, thej 
would allow him very heartily to endorse all that had been said by 
the previous speakers as to the value of the important address to 
which they had juat listened, He was very pleased to hear Hr> 
Hutchinson as to the inception of this Institntion. We learn noiiy 
for the first time, that Mr. Spence BTote the first letter regardinf^^ 
Mr. Boyd the second, and they were there that night a 
of those two letters. He thought it wiis only fii. that this e 
hB put upon the records of tlie Institution, because they won! 
observe Mr. Boyd had not named his own letter in his addresB. H 
was sure they all felt indebted to their Pi-esidc-nt for the vei^ 
able address which he had given to them. He was very ] 
to hear Mr. Clark mention that even the older muu had joined tha 
Institution with a view of learning from their younger men, who \m 
had greater advantages than they had had. He was also pleaeed h 
bear Mr. White call the Institution of Naval Architects in Londo) 
the parent Institution, and trusted that this would be a worLhy chiti 
of that useful and valuable society. He wisheil distinctly to emphasis! 
one point — that they were not a Tynuside Institution, nor a We« 
Institution, but the North-Eant Coast Institution: and it was cbeil 
earnest desire that their friends on the IV-cs, and if jMssible, those ti 
Hull also might join them, and tliat they would I'eel the nca'ssity t 
this Institution, and advance its interests. He most sincerely endorsed 
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the remark of Mr. Wliik- with respect to the "Graduate" flection of 
memburs ; the older niembei'E alionld seek to bring the younger men 
to their meetings. He hiid hiid sumetbin;; to do with bringing 
forward the subject of a "chair" uf .N'aviO Architecture, He did not 
know whether it was fully noticed in the |ia|>er8, Imt at the last general 
meeting this subject was brought Iwlore the College of I'hyaiua!. 
Science. It was intimated to the iiieeting thai a Bum nf £750 had 
been deposited by the trustees of tlie ■' Nurth-Bast Coast Eshibitiou," 
and was now beai'ing interest at thu rate of four per cent., which 
interest was to be devoted for the in<>nieiit to u 8cholarghi|) in con- 
nection with the College, hue the capital remained at the dlsiH)sal of 
the College for the fomiatioii of a "chiiir" of Naval Architecture fiir this 
district. He might say that the tej'inson which this Scholarship was 
to be awarded were nuw audcr cousid<?ratiou, and would be published 
before the end of next month, and persons will be invited bo com^jete 
for this Scholarship in the College, before the let Jannary. He had not 
the authority of the College for saying so, bat that was the arrangement 
the last time he had the pleasure of speaking about the subject. One 
might, bad time i)ermitted, go into the technical questioua raised in the 
188 where, probably, one would be more at home than talking in this 
i-al way. The questions of high-pre^ure ateam, of four cylinders 
•BUS three cylinders, of three cylinders verms two cylinders, or no 
cylinders at all versus cylinders (because ho had had the pleasure of 
ticetng an engine within the last fortuigbt which performed its duties 
irith as great an efficiency as any ordinaiy high-pressure engine, which 
no cylinders, and which ran at Hi,0«u revolutions per minute J. 
might go into other points, ftirced draft, for insiance, to which 
President had alluded. He had the impression tliat forced draft 
bom in Newcastle, and he thuught they would all agree with him 
their great predecessor and anc<--3tor, Ueorge Stephenson, was the 
to apply forced draft to steam engines ; Newcastle was, 
ifore, the birth-place of Ibrced draft; but these subjeote were 
matters to be dealt with as separate papers to be read and 
than for general remarks on the motion of thanks to the 
iident, which motion he had much pleitsare in supporting. 
The motion was then put to the meeting and carried, nitb 
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ON THE SPEED-TRIAI.S OF STEAMSHIPS. 
BY W. H. \VHITE. 



■ object of this paper is to illuatrat* and emphasize the value of 
|Voperly-coDd acted Epeed-Lrials of steamships. In order to do this it 
will be necessary to refer to some miBC/jnceptions which appi-jir to exist 
amongst both shipowners and sliiphnilders respecting the nature of the 
information obtainable from these trials, and to briefly discuss some 
important matters affecting the conduct of speed-trials or the analysis 
of their results. It may well happen that in travcrsinK snch ofl- 
troddcn ground iittlc that is novel will be iuiid ; bnt in choosing the 
rabject for the first paper read before this Inatitntion it appeared 

rable to select one which can scarcely fiiil to be interesting to 
•s and associates of all classes, and which may possibly, by ita 
sion, exercise some beneficial influence npon the general practice 
fiipbnildeiB and engineers in this district, 
■-Coining into the neighbourhood recently as I have done, and 
ing to Ijecome l^miliar with current practice, I have been greatly 
i by the comparatively small attention given to the speed-triala 
f Bir the greater number of steamers built on the Tyno and Wear. 
t probably no exaggeration to say that, with few exceptions, the 

■ made nnder-weigh, before ships leave fnr their first voyage, are 
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designed rather to teBt the completenesa and efficiency of the propelliq 
machinery, than to afford any indicatiou of the speed or economica 
performance of the Bhipa. They are usuaUy tried in a very light o 
dition, and although they may be run a few tiines over the menBnrod 
mile during the trial trip, no attempt ia made to obtain esact and 
detailed infonnntion respecting the efficiency of the engines and the 
propellers. It is but right to add that, although this is the common 
case, there are notable exceptions to the rule ; and in recent years some 
of the most eihaustive and complete scries of "progressive trials" GVtfJ 
made have been conducted on the Whitley measured milo. 

When enquiry ia made into the reasons for tjie general neglect a 
speed-trials for the cargo -carrying steamers which are the staple pro 
duct of the North-Eaat Coast, one learns, as might be expei 
tliere is much to be said in favour of common practice. First of aQ,l 
there ia the undoubted fact, resting on the expeiience of many yean, 
that within the limits of their working speeds — say 8 to 10 knots per 
hour — cargo steamers require wonderfully small expenditures of coala 
and engine power for their propulsion. Owners may be pardoned % 
with this experience in their posaession, they have not cared much t 
more elaborate smooth-water trials. Again, it must be allowed, tha 
the enormous carrying-power of such steamers— the large amount o 
dead-weight which has to be put on board to liriiig them to their load 
draughts — makes it difficulfc in most cases, and practically imposflihl 
in not a few, to try the speed of new shipa (before they pass t 
actual work), at draughts of water approaching the load draughta 
Furthermore, the desire to lose no time in setting a ship to wori| 
immediately that she is ready is a very natural one ; and there a 
often occasions when delays of a serious nature would be incurred i 
waiting for suitable weather and a fairly smooth sea, to make the ti 
on the mile off ^Vhitley. In this last -mentioned matter w 
Xorth-East Coast are at a great disadvantage, as compared with onri 
fellow-workera on the Clyde, or with the professional officers of the j 
Royal Navy; but we must accept the disadvantage, since it is not J 
possible to find audi sheltered waters as 8kelmorlie or Stokes Day with- | 
in easy reach of the Tyne and Wear. 

To the foregoing reasons for the comparative rarity of speed-trials ■ I 
in this dislriet, may be added another to which, in my judgment, far j 
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lesB weight shonld attach, although it is probably the moat inflnentia], 
I refer to the feeling of distrast, if not of contempt, entertained by 
large numbers of shipowners and shipbuilders for trials made under 
measured mile conditioas. It is often said that the true test of 
efficiency is to be found not in trials made in smooth iiater f ^r short 
periods, with engines and boilers at iheir best, with picked coal, and 
clean painted bottoms, but in the results of a long series of voyages 
under varying and trying circumstances of wind and sea. with ships, 
machineiy, and coals all under ordinary working conditions. Now, no 
one is less likely than myself to question the great value of experience 
of the kind described : and I would add that such experience may often 
be a necessary corrective to some deductions made from measured mile 
trials. On the other hand it mnst be as strongly asserted that for 
many of the most difficult and important problems which the ship- 
builder and engineer has to face, the only possible practical solutions 
are to be found in speed-trials made nmier lixed and carefully ascer- 
tained conditions, such as are obtainable alone on the measured mile, 
These me-osured mile trials do not furnish all the information needed 
for guidance in the designs of later ships, and for assistance in the 
progress of improvement. Other experiments, either. on the ships 
themselves, or preferably on models of the ships, are required to deter- 
mine the rcaistance offered by the water to their passage, and to enable 
exact comparisons to he made between different forms. To such re- 
sistanc: -experiments allusion will be made hereafter: but confining 
attention to measured mile trials I would reiterate the opinion expressed 
above, and add that, besides being a necessity to the shipbuilder and 
■, they are the source of substantial advantage to the shipowner. 
B support of this contention a short statement will suffice. 
I In treating of the ef&ciency of a steamship it is necessary tu consider 
Kttely the foUowing points : — 
iBt, The magnitude of the resistance which ia offered to her 
movement through the water at various speeds, and 
particularly the magnitude of the resistance experienced 
at the highest speeds for which the ship is designed. 
2nd. The efficiency of the propelling machinery at all speeds up 

to the working or maximum speeds. 
Srd. The efficiency of the propcllcrB. 
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designed rather to test the completeneas and efficiency of the propelling 
machinery, than to afford any indication of the speed or economical 
performance of the ahipe. They are usually tried in a very light con- 
ditioD, and although they may be run a few times over the measured 
mile during the trinl trip, no attempt is made to obtain exact and 
detailed information respecting the efficiency of the engioes and the 
propellers. It is but right to add that, although this is the common 
case, there are ootable exceptions to the rule ; and in recent years some 
of the most exhaustive and complete series of "progressive trJala" ever 
made have been conducted on the ^Vhitley measured mile. 

When enquiry is made into ihe reaaoiiB for the general neglect of 
speed-trials for the cargo-carrying steamers which are the staple pro- 
duct of the North-East Coast, one learns, as might be expected, that 
there is much to be said in fai'our of common practice. First of all, 
there is the undoubted fact, resting on the experience of many years, 
that within the limits of their working speeds — say 8 to 10 knots per 
hour — cargo steamers reciuire wonderfully small expenditures of coal 
and engine power for their propulsion. Owners may be pardoned if ■ 
with this experience in tbeir posscBsiou, they have not cared much fot'tl 
more elaborate smooth-water trials. Again, it must be allowed, that. I 
the enormous carrying-power of such steamers— the large amount rf^B 
dead-weight which has to be put on board to bring them to their loadi> J 
draughts — makes it difficult in most cases, and practically impoBsiblafl 
in not a few, to try the speed of new ships (before they pass i 
actual work), at draughts of water a])proachtng the load draught 
Furthermore, the desire to lose no time in setting a ship to i 
immediately that she is ready is a very natural one ; and there a 
often occasions when delays of a serious nature would be incurred 1 
waiting for suitable weather and a fairly smooth sea, to make the U 
on the mile off AVliitley. In this last-mentioned matter t 
North-East Coast are at a great disadvantage, e 
fellow-workers on the Clyde, or with the professioM 
Boyal Navy ; hut we must accept the disadvanta 
possible to find such sheltered waters aa Skelmorlie 
in easy reach of the Tyne aud Wear. 

To the foregoing reasons for the comparative rm 
in this district, may be added another to which, i 
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Spced-triHls show, iL is trae, the nggregate effect of these three 
GourceB of cipeuditure of power, but it will bo conTenient to glance at 
each, 

Ab regards Hit firat E«ctiou — the nett ur trOW-ropc reeistaDce of thi 
hull — a fen- words may i)e added. For a completed ship at her work*! 
ing draughL tliia ri.'eiatatice is a qiuntity fixed and defined, bo far a 
the influence of vnder-water form is concerned. Chungts in trim (fore 
and aft) may somewhat intlueua' rcBistance, but probably in moat ci 
the jninciiial effect of such clianges is seen in their influence on tl 
pcrformanet of the propellers. What is eif the greatest importancQ 
howercr, is the condition of the wetted-surface of the bottom, that ii 
to say, its cleanness and smoothness, or its foulness and rougl 
In all ships frictional rcsistanco plays a prominent part: in cargo 
steamers of moderate speed, tlie condition of the bottom 13 by fiir the 
moat important lactor in the resistance. Frequent cleaning and paint* J 
ing is an nndoubted economy : a small degree of foulness costs deorlf.r 
Having regard to these facts it is cleai'ly evident that one essential ' 
condition to all S[x;ed-trialB is that vessels so tried sliould have clean 
bottoms ; since it is only when this condition is fuliillcd, in aBsoctalion 
with an assigned draught, that any fair c(jmparisouB can be made 1 
8Tiy scientific deductions attempted. And since variations in the o 
ditioii of the bottom of a ship are certain to occur in actual BervioQ 
while they cannot be accurately known or allowed for, it is evident 
that on this aa-onnt records of performance on long voyl^,'e8 must t 
earofnlly sci'ntinised before any general deductions are made fi-om bi 
Similarly the varying conditions of wind and sea experienced in a 
service introduce disturbances which it is not possible to appi-aise w 
any approach to ac«ui'aey ; and ou this gi'ound trials in smooth watorJ 
calms, or light n-inds, and under circumstances which ensure t 
absence of influence of tides or currents, are alone of value for the p 
poses of exact compaiisons between ship and ship. 

Here we meet with au illustration of the general principle abovs'l 
laid down, viz., that sca^ going experience is ol1:«n a necessary correc^ivev 
of smooth-water trials. Of two ships compared, one may be easier to ■ 
drive on the smooth-water trial than the other, which, by reason of her I 
greater length or different form, has the superior power of maintaining I 
her Sliced in a hca\y sea-way. But lliis admission only amounts to a 1 
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staLemeni of the woll-known fact that the form besl suited for atnootli> 
water propulsion is not always the best for sea-going purposes. In 
short, the determination of the form of a \'easel is not governed by any 
ahetract considerations of "least resistance ;" but by the fulfilment of 
certain eaaential conditions, such as currjing-power, accommodntioD, 
speed, stability, and good sea-going qualflies, and their association 
with the moet ahapely and easiiy-di'ivcn form which can be obtained 
under the circumitancea. 

If wf neglect for thu moment the influence of variations in efficiency 
of tlie proi>cllin5i machinery and the propellers, then each measured 
mile speed-trial made under nnifoim conditions may be treated as a 
podel Gsperlment," and fn'm it may be inferred the probable per- 
e of vessels similar in fonu, but differing in dimensions. If 
e fullest advantages are to be derived Irom such trials, then the trials 
should lie made on the "progressive system," with which Mr, W. 
Denny'H name has been so closely associated, and which is too well 
known to require any detailed description here. In order that an in- 
dividual ship may be used as an exemplar over the greatest ranges of 
size and speed for ships of similar form, she must be tried at several 
L, from the lowest she can be well run at, up to the highest that 
IE will drive her, when every psertion is being made in the 
Critics of measured mile trials commonly dwell opon the 
r of taking note of performances which will never be repeated in 
ictioc or over long periods of steaming. They do not sufficiently 
K^se the great value for purposes of future designs of "spot*" on 
i of horae-power ur co-efficienta of performance, -lying far 
(yond anything which the vessel will ordinarily reacli. But designers 
H are better instructed, and are glad to have these experimental 
;ven if they ha\'c been obtained under wasteful conditions of coal- 
roption, and by running the engines much faster than would be 
a practice. 
a passing, I may be permitted to give one word of caution. Cases 
a few have come under my notice wherein estimates of the horse- 
T required in new ships have been based on the performances of 
r ships of similar form, without any allowance being made for the 
wrresponding speeds " of the two ships — to quote a phrase which wc 
i, &B well us the law of comparison it represents, to the late Ur. 
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Froude. Thii oiuisaion is often the source of grave errors, if thene 
uonsiderable differenceg in the 8i2ea of the ships compared, espedall] 
as higher speeds are attaiced or degigncd. 

Taming to the otiicr two elements of efficiency — that of tfas 
propelling machinery and that of the propellers — it will assist the di»-' 
cosaion if wc aasumo that a particular ship has applied to her, 
Buccesflion, various types of BngiueH, boilers, etc., and ™tious propelleTL. 
Then her form, draught, and trim, and the condition of her welted 
surface buiug kept couafcaut, her jjerforraance will be affected only by 
changes iu the projjelling apparatus. I do not propose to say anything 
as to the influence upon economical propulsion which may be exerdsed. 
by changes in the lioilers, the stenm-prosaure, etc. — im]Kirtant thoi 
that influence may be. Confining attention to the efficiency of the' 
engines considered as pieces of mechanism, in which oerlain am( 
of mechanical work arc developed, it must be admitted that there 
fruitful field for study in considering the luauner iu which the indicated'' 
home-power is expended. In his address at the opening meeting the 
President of the Institution alluded to this branch of the subject, and 
culled particular attcution to certain trials recently made iu the Unitod 
States steamer "Albatross." Without attaching any great importanos 
to the figures given fur that particular vessel, it may be remmked tbe^ 
the method then need has long been cstablislied in the United States^ 
My friend Mr. Isherwood, formerly Chief Engineer of the U.S. Navy, 
has had most to do with the introduction of this mode of analyzinjf 
steamship efficiency. Anyone who wishes to see one of the beat 
examples of the system may turn with advantage to the Report of the 
Secretary of the U.S. Navy for 1875, wherein will le found details of 
trials made on a steam-launch by Mr. Isherwood. It would be out of 
place to reproduce these details now, but they are well worth Btndj. 
Many of the eiperimcnts made with this launch could not be wbH 
repeated on a large ship; but they are instructive as indicating thfr 
various sources of loss, and the relative magnitudes of the losses on 
oonstant friction of the engines, the friction of the load, the frictit 
and waste-work of propellers, etc. On all these points we need morft 
and belter infomiation than we now possess. Empirical niles, or rules 
founded on limited experiments, will not suffice. And iu associatioa 
with speed-trials, or as preludes t*i them, sucli crptirinients might be 



SPEBD-TRIALB OF STKAMWIfll' 



I 



isly made, &t loast on tTptcfil engines. Waste-work, in 

internal resistances, etc., there must be, no doubt ; but 

effort should be made to diminiBb its amount. 

The late Mr. W, Froude, in bia able writings on the subject of 

steamGbip propaleion, laid grout stress ou this part of the subject, and 

one of his latest inventioDS was the turbine-dynamometer which he 

tUftde for the Admiralty, in order to determine the loss of power 

wcurring between the cylinders and the propellers. Although, aa 

;}et, little information has been published respectiui; the results of 

trials with this instrnment, it may be hoped that the Admiralty wil! 

'flVentuallj give to the professions t])e benefit of their experience, with 

tiut liberality which they have invariably shown hitherto in similar 

KB, 

Although private firms are not in a position to rival the Admiralty 
in elaborate eiperimentiil apparatus, much information may !« obtained 
by simple esperimcnts. For instance, the screws may be disconnected 
and the engines run at various speeds iu order to determine the waste- 
work of the unloaded mechanism. This was done in the course of the 
elaborate trials with the " Iris ; " it has been done also in other BwiH 
and torpedo boats. Besides the information thus obtained, 
ifmuiing the engines unloaded constitute* a very good teat of the satis- 
Jhctory condition of the bearings, etc. In addition, it has often 
ished explanations of the real causes of vibration in htgh-powered 
,tteaiDsbips, and disposed of some clever but not sound theories on the 
■abject. 

Another simple and valuable experiment, commonly made on ships 
of the Royal Navy when they arc placed in dry dock, consists in the 
Lieal determination of the resistance to revolution offered by the 
igs of the after pieces of sliaHing, when discounected. The 
.ice became general after some remarkable discoveries were made 
the great losses incurred in a particular vessel owing to the undue 
;htness of the after bearings. I know of similar esperiences having 
>n gained in foreign war-ships : perliaps the same may bold good in 

merchant steamers ; at all events the trial is readily made. 
It is difficult to cxaggemte the value of measured mile trials as tests 
the efficiency of propellers. In speaking thus, all kinds might be 
laded ; but for the present I would refer only to screw -propellers. 
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Most pereonB who have studied the raathematifal theorioB of the action 
of Bcrevr-prnpelleri have reached the coucluaion that experiment alone 
can be trusted in the determination of the dimensions and fonas of 
the Bcrews suitable for a certain set of conditions. This becomes 
abandantly evident when one has to go beyond precedent, and to deal 
with higher speeds of ships and propellers than have been attempted 
previously. In the constrnctioii of torjicdo boats the selection of the 
best screws has involved the caiTjing out of long and costly experi- 
ments. The discoveries made iliiriiig the trials of H.M.S. "Iris" 
were nothing short of startling, showing na they did thnt by simply 
varying the screws — all other conditions remaining practically un- 
changed — the speed of the ship was increased from ICJ to 18j knota 
per hour. Jlore recent trials of very swift ships, with which I am 
conversant, have shown no less remarkable results, Kor is it 
reasonable to suppose that this possibility of imprtived pcrformanca 
by changes in screws holds good only for ^cry swift ships. Cawe 
have come to my knowledge where, through accidents to their scrowa, 
cargo steamers have been letl with very seriously diminished blade 
area, and yet have performed well. Probably members may bo able 
to refer to similar incidents in their own experience. These obeer- 
vations tend to throw doubts upon the oMinary assumption that the 
screws actually fitted tu cargo Btenmcrs are the best possible screws. 
Anyone interested in such vessels, who makes the matter a subject of 
experiment, will pTObably be amply repaid for his trouble. When 
regard is had to the economies which have actually been obtained hj 
means of speed-trials with various screws, and tn the straining after 
economy in all directions, which has become essential under the 
present condition of the mercantile marine, it docs appear desirable 
to devote greater attention to possible improvements in the screw- 
propellers of cargo steamers. And if I msy venture one step further, 
1 would suggest for consideration also the jwssible advantage of 
increasing the revolutions and piston sjieeds in such vessels. Sayings 
in weight of machinery, if they can be made without decrease in 
strength and durability, must be advantageous, and may be so even 
if purchased at a greater firet cost. Wliether these views are accepted 
or not, it is undeniable that, if for no other reason, yet in connection 
with the selection of the best propellei-s for steamei-s. sjieLfl-trials have 
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ampla jufltification. The full advttnti^ea are only to be obtained by 
means of the progrcasive syatem of trials, which fumishea evidence of 
the continued efficiency, or the dccrenaed efficiency, of the screwa 
under trial, as the speeds are incrcaGed. 

Here also experience on actual service at Be» is a valuable supple- 
ment to, but no subititute for, the trials made on the measured mile, 

There are oerttiin general rules essential to the proper conduct of 
measnred mile trials ; if iheBC art- disregwrded the results iire not to lie 
depended upon. It ie not necessary to do more than mention some 
of the most important. The course kept while running the mile 
ehonld be esactly ijerpendicular to the sight-lines joining the two 
boundary posts at either end of the mile. If any other course is 
Bteered the distance run will be greater than the mile, and it is 
afltoniahing to find, especially in ships of very hi^h speed, how email a 
departure from the prescribed course sensibly affects the sjieed. The 
best method of securing this result is to have buoys laid down, as is 
done on the Admiralty measured miles. It would be a great improve- 
ment to the Whitley mile if buoys were laid down, and it is probable 
that an entire change in the position of the mile to some i>OHition 
ftirtber to the North wonld be beneficial. This is a matter on which 
I cannot speak with any authority, but which deserves consideration. 
All obsen-atione shonld lie made with the greatest care and in a 
ijjRtematic manner. The influence of tide or current shonld be 
inatetl by means of consecutive rnns in opposite directions. The 
ihip shonld make a long sweep in turning, and liave regained her 
speed (which will certainly be reduced in turning) Vieforeshc re-entcrg 
the mile. A good depth of water shonld be ensured in relation t« the 
;ht3 and speeds of the ahips tried : for it is well known tliat 
itively shallow water involves greater reaistance and a loss of speed, 
force and direction of the wind are also matters which should 
iTariably l>e noted. As regards the engine-room and stokehold 
regulations I need say nothin<;. 

In conclusion, I would again draw attention Ut the fact that the 
speed-trials of stoamships require to be aasociated with resistance ei- 
perimenia on models of the sliif*, if the ctjmptct^t posnbie unatysis 
of the resnlts ift I'l l>o attemptt-d. And I wonld venture to snggest 
it would be a great advantHge to this district if there were 
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established an experimental cBtabllfiliment, on lines similar to that < 
the establishment created by the late Mr. Froude for the Admiraltiji 
and Btill conducted by Mr. R. E. Froude. This suggestion is only J 
repetition of what I have repeatedly nra:ed upon private shipbuildf 
Knoning, as I do, the immeose advantage which the Admiralty deriyi 
from the Torquay ejperiraental estflbliahment, I feel confident that the 
Bbipbuildera and engineers of the North-East Coast would gain greatly 
ft«m the creation in onr midst of a well-appointed establishment, con- 
ducted by a gentleman whose character and ability wodd oommand 
respect and trust. There ia only one private firm in the coimtij 
which yet possesses an establiahment for making model experiments; 
but there can be no doubt that as higher and higher speeds have to be 
attained every passible meiLns will have to be taken to secure snccess 
and economy, and the number of these establishments will be increased. 
To a single firm the cipenae is considerable, both for construction find 
maintenance : in a district in which shipbuilding is carried on npon eo 
grand a scale the undertaking should present no difRculty. The 
North-East Coast is chiefly known for its work on cargo steamers of 
moderate speeds ; but some of the swiftest vessels yet bnilt have been 
produced here, and it may be hoped that still further advances will be 
made in the construction of such vessels. Moreover, there is good j 
reason for believing that in certain classes, at least of cargo steamei% ' 
higher speeds than are now common might advantngeoiisly be adopted, i 
Variations and improvements in the types of ships will continne to be | 
introduced ; there is no finality in our professional work, and each step 
in advance involves the solution of new problems. Experimeoi j 
wedded to theory, and the exhaustive analysis of trial data ate OOT J 
best guides in advancing from the knowledge of the present to tin 
Bchievemente of the future. 



Mr. F, C. Marbhall, in rising to open the discussion, said, hel 
agreed with Mr. White on the importance of having properly conducteda 
speed-trials, and felt that Mr, White was doing good service in ent«rinffj 
upon the subject. Trial trips had become almost a hy-word on thai 
Korth-Eoat Coast, the luncheon forming the most prominent part of I 
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B oocaaion, and thu real buBineSB Iteing hurried over as quickly aa 

Bible. With regard to the measured mile at Whitley, neither as to 

locality or arrangement could it be considered Batisfectory, the greatest 

ignorance prevailed amongst those pilots and others UBUallj in charge 

of vessels aa to the correct course to be steered while running the 

distance ; and it vras nothing unuEual to see vessels being tried two or 

e^-en three points of the compass out of the true north, the proper 

OQurse to be mn for' the true distance. Then again, it was frequently 

sible to distinguisli the inland posts, and therefore the adoption 

ftACcnrately moored buoje, placed on the proper course, was of the 

t importance. Another most important point not mentioned by 

■■, While, and almost entirely neglected in trial trips on this coast, 

a by the shipbuilders themselves, ivaa the steering of the vessel so 

1 to secure a straight course; the time and distance were seriously 

increased by the serpentine route frequently adopted, and the rasult 

rendered altogether worthless. This was specially the ease in high 

speed vessels, where the difference of a few seconds involved issues of 

the utmost value. It was therefore not only necessary to have a 

measured distance conveniently situated and readily observed, hut we 

ahonld have well qualified and experienced men to guide the vessel. 

The author's remarks on the subject of propellers were most ira])or- 

^^tant and opportune. In no part of marine engineering were we so 

^^HDch "at sea," and obliged to adopt the empirical method, as in the 

^^kgning of the propeller for any given vessel, especially if it happened 

^^B be one of a special or novel type, involving conditions oat of the 

beaten track ; and he quite agreed with Mr. White on the importance 

of having somewhere in their midst a tank for experimental purposes, 

^^^lere propeller trials could bo made with models as was now done for 

^Hfoe at Dumbarton and Torquay. Ue might say that, with a view to 

^Hk accomplishment of this, he had mentioned to the Principal of the 

^^CoUege of Physical Science, the idea of introducing such a tank into 

the new college buildings, and that gentleman rose very warmly to the 

idea. He hoped the Council of the College would not be afraid of an 

additional expense of some £10,000 to effect that purpose. He should 

like also to see a proper house for testing materials, similar to those 

at work in University College, London ; Nottingham College ; Owen's 

Ulege, Manchester ; and in most large centres, except Newcastle. 
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Mr. Wm. Olark (Sunderland) thought uuttiing could have been 
more appropriate tliuu the ]iiiper they had listened to, and, cousidenag 
the aathority from which it came, it ought to have great weight with 
shipowners uud shipbiuIilcrB. He need hardly saj that he spoke 
t-ngiueer, and they must nil admit that they liad been verjr much 
behindhand in the matter of secnnng reliable inrorination as to the 
resistance of stcamsliipE, hut he tliuu^ht that the difficulties of bad' 
weather with wliicli they had to contend, the bad position of 
measured mile, etc., in Mime lueaaiirc uotuuntcd for this. Mr. Whita' 
has refen-ed to the Biieed cutvca of the H.II.S. "Iris," which show whati 
Jtrcat im]n«feraent was made in the efficiency of the pTOj^ller of that 
vessel by reducing itM surface. These curves cletirly illustrate the 
great loss due to unuecessary surface on the propeller of a dtip. 
Some years ago, impressed with the advisability of keeping the eiir&cs 
of propellers as small as [Hiissible. he fitted one of a conaideral 
reduced area on a cargo boat. Probably nothing could have 
more suitable for smooth water and at the loaded draft, but at 
light draft and in head winds and seas it was found inefficient si 
was discarded for a jiropeller of increased surface. Owing, then, to ths 
varying drafts of a cargo liout from extremely light, when travellinff 
without a cargo, to one of great depth loaded, the area of the propeller 
is uatnnilly a compromise ; and we ciiu theretbre see at what a disadvan- 
tage a cargo boat Is pliieud when ruiming on tlie measured mile 
coinpare-d to a vessel of nearly constant draft, and can miderstai 
why the speed of a cargo boat is generally incruiised by losing aportii 
of the surtiacc of its propeller whilst prosecuting a voyage loadi 
He might also mention for the l)cuefit of the abipowners present tlii 
Croin his e\]K'neuee, at a given draft, and with the same number 
revolntioDH, the average speed of a vessel on the voyage is greater tfaaS' 
oil the measured luilu. 

Mr. CooTK Buid, he believed one of the difficulties with r^rd to 
trial trips had been, to use a Fronch phrase, that of "mal de titer " 
He thought there was a great deal In the fact that they had not a 
sufficiently smooth and safe course for sjieed-trials, and he was rathi 
of opinion that they ivonld never be able to carry out in 
manner, on the present course, the trials Mr. White had suggested.' 
Thev in this district prided theniBelves ou the cavgu can'ier, and hd' 
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I thought they had. produced the best tjpe of that vesEel in the world. 
Although here they hud not made progrei^BiYe trials, as had lieen done 
by some finna un the Clyde, yet the Clyde buildere acknowledged that 
they conld not comiiete with our distiict for this class uf ^'fsse!. He 
thc<ut;ht that ont- reason h<r not having these trials with the ordinary 
carrnug steamer of nine or ten knote was the iiuiformity of the type. 
There woald be no particular (Htference, however many scientific trials 
might 1« made. He thunght the paper read was an interesting one, 
and hoped that it would do much to improve a fittiire type of vessel 
whieh they might some day haild. 

»Mr. B. G. SiDHOL enlarijed upon tliu ueceseiiy of a complete and 
iftorough understanding Iwtween the engineers and the shipbuilders, 
in order that ample data should be funiished by each, to enable the 
Other to predict definitely the sjieed of any vessel at sea. In his 
axperienee he had found very few cases in whicii such data was sup- 
jdied, an<l appru.^imate restilts were all that could be rehed on. Ue 
hoped, however, that "ne of the great lienefits resulting fi'om tliis 
Institution would be that engineers and shipbuilders would realize 
^^^that they served their own interests and the interests of the North- 
^^Btast Coast 1)est by each member difTusing among the others all the 
^^^Rautts which his ability or experience has enabled him to acijuire. 
^^B Ur. Trewent said, that as far as he knew shipbuilders were alwa^'s 
^Hirilling to give all the information in their [>owei-. The last two ghi]<s 
^^B0teir firm laid down they specially asked the engineers to look at the 
^^■BUktels and give their opinion. Shipbuilders had often great difficulty 
^^^k getting from the engineers reliable data of trial tri|is. He knew of 
^^^be caae where, in giving a quotation for engines, the engineers refused 
^^Hp give the diameter uf the cylinders; they, the shipbuilders, being told 
^^^at a ceitain hoi-se-puwcr was guaranteed and they must be content 
^^Rith getting that horse-power. The great difficnity in the trial trips on 
^^Hhe IVorth-Kast Coast arose through delaj's, such as going donn the river 
^^^B.Buit the tide, adjusting compasses, taking on lioard the visitors, etc., 
^^^nbidi consumed such an amount of time, that after having thi'ee or four 
^Bsons on the measured mile it was time ta save the tide back to dock. He 
^K^Qght that with such an Institution as they had now got they might 
^^L^ipoint a paid professional man, who would attend all trial trips, and 
^Httie members of the Institution would thus get gix<d reliable data. 
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HiB Opinion was tlint in all their ordinary cargo boafs thej were quito I 
wrong in their design, Tho midship area might i>e gi'eatly increased, J 
and the entranco and run fined down, keeping the displacement tha J 
same, or even larger, with less resistance than with the usual propor- [ 
lions or beam to length. If after the design for » cargo steamer had I 
been prepared it was desired to make her cany 100 or 200 tons more. 1 
the boat was gcuerully lengthened, whereas he thought the beam of tha I 
vessel might be increased amidships, doing away with the long flat 1 
side, making the water lines a fair curve from stem to stem, lint Lloyds I 
stepped in and by their rules prevented this from being done without a f 
great increase of scantling. He regretted that as time was limited.l 
he was unable to say what he intended on the veiy valuable paper! 
Mr. White had read, and to which they had listened with bo mnoh' I 
interest. 

Mr. Mayor said ou the Olyde the trials generally took two days^ 1 
and thought that if they wished to compete with the Clyde in thi« ^ 
matter they also must take more time with their trials. He dwelt 
upon the advisability of getting more information from the captains 
and engineers of new ships, that builders might fonu a more reliable 
estimate of work at sea under all conditions of weather, loading, etc. 
As long ago as I8C8 a very complete set of observations of performance 
at sea was made by Mr. W. 0. Bergius, who went across the Atlantic 
in the S,S. "Westphalia," A report of these observations will be J 
found in the Engineer for 18(18 or 18C0, and is a model of care and. 
exactitude. One very important part of the question had not t 
touched upon, viz., the part relating to the vibration of steunsliip^. 1 
the first published information on that subject having only I 
printed this year. 

Mr. Heok desired to bring the discussion back to what be coa<j 
sidered the most important clement in the paper, viz., tlie suggestioi 
of making an experimental tank. Such a tank would be of great valnd 
in determining the speed of ships and the efficiency of propellers, anil 
would also assist ua in the solution of the problem of the resistance o 
bodies moving in fluids, a problem which had baffled even Newtonil 
and which could only be brought within the graap and power of'a 
mathematical analysis by the aid of experiments. In reference to- 1 
Bpeed-tri[Jfi, he was afraid that the expense attending them had some* | 
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thing to do with their absence on this coast. He hoped, however, 
that the suggesttoDB would not be allowed to drop, &s their adoption 
would improve tlie tone and character of East f'oast shipbuilding. 
At the present time he would prefer to give orders for large passenger 
vessek to the Clyde, from such a firm, for instance, as Denny Brothers, 
in consequence of the completeness with which all the details were 
worked out. In reference to the remarks made by one of the speakers, 
he would like to point out that the niiturc and the amount of the 
strains which vessels experienced was not yet thoroughly understood, 
and therefore mathematical nicety in determining the scantling was 
impossible. Tiloyds' rules had therefore been friiraed on sound ex- 
perience, and after consultation had been made with nearly all the 
shipbuilding firms. 
K Mr. WiOHAM Richardson said the Institution ought to be happy 
Ut having a paper from such an authority as Mr. White. It might be 
Bbteresting to the members to know how it was that the measiu'ed mile 
^pu placed in its present position. When the former posts were 
^prried away and there was no proper measured mile, some of his 
H^enda suggested that he should take the matter up and arrange for 
^HBts to be fixed. The question then arose where to put the posts, 
Kid he must confess they had placed them in a very bad position, but 
^■B desire was to have the course as near the mouth of the Tyne as 
^Bnible, and they had the greatest trouble with the owners of the land, 
^bo were approached through the solicitors of hia firm. One of the 
^■j^wnere said he would knock the posts down again aa soon as they 
^Hre put up. Permission was, however, at last got, and the posts 
Hjlced in their present position. It had been intended to put down 
^■lo^ but this was abandoned owing to objections raised by fishermcu 
^Bd others. Ue also said that the greatest objection to the present 
Horition was, that owing to the currents, the speed got was often not 
Hbs trne speed, and instanced the case of a steamer, the engines of 
Hriiich had been built by his firm, which actually ran a less speed on 
■be measured mile than she could at sea under ordinary circumstances. 
^pie new aite proposed was very much better, and he should like to 
Hik Mr. White whether he did not think it would be advisable to put 
^bo sets of posts in positions, so that a steamer coidd, if required, run, 
^^^ sixty revolutions on one course and fifty on the othei' ? 
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The Pbesideivt said be had long held that the measured mik iv 
in a very bad position, and he had mentioned to Mr. Richardson that 
something should be done to improve its position. 

Mr. White, in replying, said that the type of vessel built in thii 
district was so little varied that one trial would often suffice for a great 
many ships. He hoped that the discussion which had taken place 
would lead to their having a better measured mile, and that they wolU 
take up the matter of the experimental tank for ship models ; he fell 
quite confident that the one without the other would not be sufficient 
He thought ^Ir. Coote had rather over-estimated the excellence of th«r 
present type of vessel ; he quite concurred that it was wonderful that 
so little power should drive such a huge structure through the ^-aterat 
such a speed, but if they had got a success it was no reason why tbej 
should not improve. In conclusion he desired to express his thanks to 
Mr. D. F. Black, of Elswick shipyard, and Mr. Shereton Holmes, civil 
engineer, for the trouble they had taken in supplying information as 
regards the present site of the measured mile, and that of the proposed 
new one. 

The Pbesidbnt proposed a vote of thanks to Mr. White for his 
paper. 
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W. BOYD. Esq., PsBsiraNT, iir ing Cairn. 



ON THE FORGING OF CRANK SHAFTS IN IRON AND STEEL. 
Bl HENRY FOWNES. 

Whilb introducing this subject to your notice, which refers more 
particalarlj to crank shafts for marine engines, moat of yon will 
donbtleEs agree in calling the crank shaft one of the vital parts of the 
marine engine, and decidedly well worthy of some conaideration by aa 
Institution such as the "North-East Coast Institution of Engineers 
and ShipbuildDrs;" and in making these few practical remarks, those 
who are well versed in the Hubjet;t will at once perceive tliat there is 
no originality about them whatever, which, indeed, is not for one 
moment claimed. 

Nevertheleaa there will be many, particularly the yoonger members, 
before whom this information has perhaps never been presented iu 
the graphic manner adopted in this paper ; and when they see how 
crank shafts are made, or rather how, io the writer's opinion, they 
onght to be made, they will be better able to jndge whether the 
flaws or marks which come under their notice in the course of their 
experience are of serious moment or not, 

With this introduction, let us now go straight to our snbjed., 
dealing first of all with crank shafts made of iron, whether scrap iron 
or specially rolled iron which is sometimes used. 
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Kindly, howeter, for a few minutes give your attention while it ii 
briefly drawn to the preliminary process ; and, curioUBly enongh, the I 
first thing we usually require in making iron shaftB is a piece of wood, | 
the wood tefei-red to being called a ball boltmn, which varies in aize ac- 
cording to the practice adopted at different works, size of fiirnacee, etc. 

The scrap iron is first carefuDy selected, particularly for crank I 
shafts, and at the works with which the writer is connected, viz., the 
Tyne Forge Company, Limited, very piirticular attention is paid to I 
this matter. 

A ball of scrap iron properly piled, with scrap ntl cleanet 
Bconred, together with perhaps four or five others (according to the size 
of the furnace) are placed in the ball furnace by means of a tool called ' 
a "peel" or "'slice." This is greased on the top surface to allow of ite 1 
being easily withdrawn from under the ball when in the fiirnace. 

These balls having been in the furnace a sufficient time to bring 
them to a proper welding heat, will be found to be ail stuck together, 
so that they can be easily withdrawn by a large pair of tongs called 
"shinghng tongs." They are then placed under the hammer singly, 
and thoroughly welded together or shingled, and all the cinder and ' 
other impurities thoroughly hammered out. After this process they 
become shingled blooms, and these blooms are put into the fcunace a 
second time, two or three tt^ether, in accordance with the size of slab 
required, and after hammering and thoroughly welding together they 
become slabs. For certain parts of crank shafts, which you will see I 
shortly, either the sides or the ends of these slabs liave to be thinned 
down by sets nnder the hammer, or in other words scarfed down. 

So much for the preliminary process. As at all large forges a stock 
of these blooms and slabs is usually kept on hand, the procesa already I 
described does not prevent the forgeman from proceeding with the next 1 
course at once, which is to pick up his staffer porter and pile on the \ 
end of it perhaps four slabs to commence with, as a start to lay np the I 
web of the crank ; the number of slabs being varied perhaps in accord- j 
ance with the size of the hammer or the size of the furnace. This is I 
clearly shown in Fig, 1 ; but it should be mentioned that these first I 
slabs do little else than mend the porter. 

You will obser\'e in the diagram that there are spaces between the I 
slsbe, to make these, punchings arc perhaps the handiest pieces of 1 
iron to ase (if large enough); but not only in crank shafts bat in j 
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B other foi^inga built up of scrap iron or other slabs, want of attention 
9 this little detail is the cause of many defective welds, indeed too 
^rnnch attention cannot be called to this little matter. These spaces are 
to allow the flames to play freely through them between the slabs, so 
that the ceotres of the flat surfaces of the slabs may come to a» good a 
welding heat as the outside edges. 

The end of the porter having been mended and made round, the 
lump on the end is drawn out to sometliiug like the shape sliown by 
the dotted lines in Fig. 2. The top side of this lump is somewhat 
flattened to receive about four slabs, as shown on Fig. S. After one 
side is miule sotmd tlie heat is turned over, and exactly the same 
process repeated on the other aide ; and this is repeated by laying on 
slabs, alternately on each side, until the forgeman gets sufticient sound 
1 together to form the lump, or the butt, which ho considers 
ary to copmence forming the crank web. This butt is generally 
b longer than the finislied size of the crank web, and, of course, 
Biach thicker. Now, this lump or butt, as shown on Fig. i, has an 
equal amount of iron on each side of the porter at the parts marked 
A and B -. and, before proceeding to form the web, it is necessary that 
! porter should be wel! ofi to one side, as shown by Figs. 5 and G. 
!his is done by a process called bolting, or setting down, and the 
ided part in Fig fj is bolted or set down, which brings the porter 
ight off to one side, as shown on Fig. (J. The shaded part having 
Ben rounded up into tlie porter somewhat elongates it, and one of the 
(fiirantageB of this is that the scarf ends of the ends of the slabs, 
irked D in Fig. 3, are either worked up out of the shaft altogether, 
the porter, or, at any rate, if in the shaft at all, are in the heart 
t the collar, where they can do little liarm. 

The forgeman haWng now set his poi-ter through, and made his 
itit sound, proceeds to set it down or taper it out towards that part of 
e veb where tlie pin will be, preparatory to laying on his side slabs, 
b shown in Fig. 7. These slabs, which are broad and thin, should, if 
Bible, be quite as long as the web the forgeman is laying up, so aa to 
roid scarfs in the length of the web, the bottom edges, however, being 
rfed, as e-xpiaincd before. In the first instance, these side slabs are 
d only on one side of the butt, but after these are heated and welded 
ij a similar number are put on the oilier side, after its having been 
i over. This process of laying on the side slabs on alternate sides 
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of the heat, with the edges scarfed down, bo that each slab may be per: 
feotly welded or connected to the other, ia continued until the forgeman 
gets enough u'on together, in his judgment, to form ratlier bigger than 
the Bize of crank web required ; and the lines on Fig. 8 show the direc- 
tion in which the grain of the iron will run, the dotted circle being the 
crank pin. The forgenian then proceeds, by repeated heatings, to make 
sure of the whole mass being perfectly sound and solid; and the whole 
piece, which ia much longer than the length of web required, 
flattened down to a thiokness something greater than the thickoesB 
eventually required, to allow for waste dnring heating in the furnace, 
and other causes. 

The next process is to round up the crowns of the web, and the 
forging is now something near the size of the web required, as regards 
depth and thickness, but, as before mentioned, considerably longer. He 
now picks up a tool, usually made of steel, called a cntter, and with it 
cuts out one end of the web, being that nearest to the porter, as shows 
on Fig. 9. This done, he cuts out the triangular piece, shown on Fig. 
1 0, which forms the other end of the web, or that farthest from the porter. 
In a small sized crank, pro\-ided the hammer is large enough, this is 
sometimes done in one heat, but, in a crank of moderate dimensions, it 
usually takes two heats. This is explained by Che same Fig. 10, and, as 
shown, the pointed piece left sticliing up is hammered down and 
drawn out to form the rounded part of the shaft as dotted ; the end 
of this rounded jart may then be scarfed down and slabs laid on, as 
shown in Fig. 1 1, to make the shaft out to the desired length. In the 
opinion of the uTiter, it is much better for crank shafts to be made 
under large sized hammers, beneath which you can get a sufficient body 
of iron laid up at once before cutting out, and the piece for the web 
sufficiently long, so aa to avoid the patching required to make a good 
end, before laying on for finishing the crank. Indeed, in half crant 
shafts of a moderate size, it is better to avoid scarf ends altogetheTj 
hy laying up sufficient iron at once to avoid laying on any more slab^ 
and this advantage will be obvious to you. 

The forgeman having rounded up the neck of the crank, learai 
a krge lump, or swell, on the end, to form not only a base for titt 
collar and the radius inside the collar, but also to make provision for 
the forging being somewhat longer, for the reasons which are about to 
be eiplained. Fig. 12 shows the base herewith mentioued. He next 
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s to weld on one half of the collar, bnt it should be mentioned 
e that the collar slabs have been previoualy cftrofnlly made, bent to 
the radina required, and scarfed. They are, of coorae, made a good 
deal thicker than the finished size of the collar, to allow for cutting 
out. They are, however, put on as descrihed in Fig. 13, where the 
dotted and shaded part shows the barrel of the shaft, 

Aftur having partially welded on one half of the collar, the forge- 
man turns the sliafl over, and welds on the other half; which lieing 
done, and reheated, be makes the whole collar [wrfeetly sound 
end circular, by continually turning the shaft round at a welding 
heat while under the hammer. He now has the collar made much 
I (bicker than he reqnires ; but as it ia necessary to turn the shaft end 
f jbr end to finish the und next the iwrter, he must have something to 
■ balance it with, and work or liandle it by, so he has to draw off a 
porter from the end of the collar, as shown by the dotted hues in Fig. 
li. He next proceeds to mark off the collar from hia sketch, and 
I b^ins by cntiing tlie inside edge of the same, aa shown by the shaded 
k 'parts in Fig. 15. He then marks off the outside of the collar, and 
pnickB it down with a catter, as shown in Fig. 15, in order that it may 
the more easily te cut off alter the forging is finished, hut leaving 
snOlcient metal in the centre to hold it by, while finishing the other 
end. One half, or perhaps better than the half, of the cnink sliaft 
; may now l)e said to be complete, and it is now turned end 
, and tlio original porter put through the fbmace for the 
of being cnt off. After this has Iteen done, if a collar is 
t at tbia end he proceeds to weld one on, in exactly the 
e manner as previously described, with the exception that he cnta 
i outside of the collar square down, and we have the forging as 
^own in Fig. 16. 

The porter drawn on end of the first collar for the convenience of 
ing is now cut off, and the foiling of the half crank shaft may 
. to be complete. The prooeas herewith described may, of 
i, he subject to slight modifications as required by circumstances, 
n the main, is the one adopted at the works with which the 
r is connected ; and, apart from being approved of by Lloyds, is 
erhaps the best and safest way calculated to produce sound and strong 
DTgingB for ordinary sized crank shafts. 

XotivithsLanding, however, the most careful supervision, and from 
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causes entirely beyond the manufuctarera' control, such as careleas*^ 
nesB, drink, etc., ]on^tadJna1 marks sometimes show themselves 
the pins, and up the iaaidea of webs of crank shafts. Here refer 
to Fig. 8, which will explain more clearly these marks with which 
many of you are no doubt familiar. Now, should the finishing of the 
shaft not have proceeded too far before these marks ai-e discovered, 
the writer is strongly in favour of placing the forging in the smith's 
hands (lie must be a good smith or a good heater, by the way) to 
have these marks opened out, and the dirt, sla^', or other impurities 
taken out, and the iron then thoroughly welded up again. This is 
best done when the crank pin is roughed up to within say a J-inch of 
the finished size. It is not meant to be said that a rank bad forging 
or a thoroughly bad weld can Ije got rid of in this manner, but many! 
of the minor longitudinal marks, if discovered in time, can certainly 
be mended; and, candidly s])eaking, aller having seen a crank pin 
thuH treated, and examined it carefully, and tested it when heated all 
over, the writer would have much greater confidence in guaranteeing 
that shaft, than one which had not been similarly treated. Yet, 
engineers have been known who would condemn a crank shaft all 
gether at the bare idea of its going near the smiths' fire, withont] 
taking the trouble to enquire whether the feature was good or bad. 

Other ways of building up crank shafts, or rather crank webs, hartj 
been in vogue nntil quite recently, and may indeed yet be practii 
although decidedly objectionable. 

I will nut trespass upon your time mnch further with reference to] 
iron shafts, except to show you another method of building up crank 
shafts, which will only take a few seconds, and which probably is about 
the worst plan that could be adopted ; and although it may be one of 
the worst plans, it is probably the quickest way of forging a crank 
web, and has, therefore, been adopted by some forgemen from perhapt 
lack of thought, and by others as the readiest way of turning out 
qaantity without reference to quality. The writer has often discussed 
this question with forgemen, and good men too, not only with reference 
to crank shafts, but to other forgings also, and many of them havt 
been most difficult to convince, their argument always being. "Whi 
does it matter, so long as it is sound" (,to use the vernacular). Fig 
No. 17 will explain what is meant, where the black lines show the wajr 
the slabs are laid un, as against the other way which is dotted ; but il 
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there is any rirtne in the idea of fibre in iron at all, then the thing 
speaks for itaelf. There is also mother reason why this plan is 
objectionable. t.e., an imperfect weld might occur in that part of the 
crank shaft where perhaps the greatest stress is (the middle of the 
weh), as shown by the lines on Fi^. 17 ; and certainly by adopting the 
plan first described, the same amount of risk is avoided. 

A ^eat deal more might of course be said on the forging of iron 
crank shafts, but without wearying you further, we will now pass on to 

tfew remarks still to Iw? made on the forging of crank shafts in steel. 
Scrap Steel. 
In crank shaft forgings made out <>f scrap steel the identical pro- 
descril)ed for scrap iron Is nsually adopted ; but, in the writer's 
opinion, if steel for crank shails is to be used at all, those forgings 
made from the steel ingot are much to be preferred. 

This opinion is not hazarded without what may be considered 
sufficient reason, but to fully explain those reasons would take a con- 
Biderable time, and would require the results of an exliaustive series of 
tests, all of which would hardly come under the province of this paper ; 
in fact, the subject, in good hands, would probably afford sufficient 
matter for a paper by itself, dealing more exclusively with the 
maien'at " out of which cinink shiifts may lie made. I may mention, 
;h, that the tests I have myself seen made from forgings of 
ip steel hate been unnsnally bad, probably for the same reason as 
by Mr, John, in his paper read before tlie Iron and Steel 
Institute in May, 1884. (See Journal of that Institute, No. I, 1884, 
p. 145.J 

Ingot Steel. 






In forging crank shafts out of steel ingots a honmier of very much 
ir power is required than that necessary for forging scrap iron. 
That is to say, to make a forging weighing one ton out of the steel 
ingot reqnires a very much heavier and larger hammer than to make 
te forging weighing one ton out of scrap iron. In fact it may 
that the conditions are exactly reversed j for whereas in using 
'on you build on slab after slab, and thus arrive (so to speak) at 
greatest weight when the forging is finished, in forging steel out 
ingot you have to deal with your heauest weight at the first 
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onset. Taking', for example, the steel crank shaft, the diflerent ptusea 
in the for^nga of which will now be shown to you. The steel ingot 
when first picked op by the forgemen weighs over 10 tons, the finished 
crank shaft forging when leaving the hammer only weiglis 3^ tona. 
Apart from that yon have to deal with a solid mass of much denser 
material, requiring a very much greater power to prodnce nny otkci 
whatever!! pon the heart of the ingot. This question of the weight of the 
hamm(!r is one that should not be lost sight of by those ordering cnmk 
shafts foiled out of the solid steel ingot, and it is also a question upon 
which there ia considerable difference of opinion among manufactareni 
themselves. The writer may here mention a fact which has come nnds 
his own notice with reference to this matter. In forging a lai^ ingot^ 
which perhaps may possibly be somewhat above the power of (be 
hammer, the outeide surface of the metal draws first, forming a cavil 
in the centre of the end of the ingot thus — 



CI3 



But when the same foiling was reduced in size so as to be within t 
power of the hammer, the centre of the end of the iugot apparent 
swelled out thus — 



c 



In forging crank shafts out of the steel ingot considerable judf- ■ 
ment ia required on the part of the forgeman, much more so than in i 
foiling scrap iron. For instance, in forging with scrap iron, aboald 
the forgeman find himaelf rather short of material he can probab] 
easily lay on more slabs, but such a thing in foiling out of the at 
ingot is impracticable ; and if he has miscalculated his material a 
finds he has not ButBcient material to complete his job, the ingot { 
spoiled or lost. As the top of the cast steel itigot has the g 
chance of being nnsound, it is necessary that the forgeman Bhoi 
calculate bis material so aa to make as much of his forging as possilii 
out of the bottom or soundest part of the ingot, the top ends of tJ 
ingots being usnally piped, and more or less full of air holes. 
forgeman picks up the ingot my means of a porttir and clamps si 
to that shown in Fig. 18, or some other arrangement equally efflciei 
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sdopted by different manGfactarera, He then ptweeds to draw away 

the tang end, as it is called, out of the top part of the ingot, which has 

the greatest chuuoe of being unsound ; and, theoretically ajieaking, 

shonld only leave as mueh of the ingot to work upon as will exactly 

enable him to complete the forging he Irns to make. Having drawn 

away the tang end, ha shown in Fig. lit, he tarns his ingot end for end, 

and Becnres it by a porter similar to that shown in Fig. 20, or some 

method which may serve the ptirpoec equally well. He then pro- 

ceedg to hammer out the centre part of the ingot to something near 

l.tiie thickness of the webs, as shown in Fig. 21, the dotted lines showing 

tlie original form of the ingot. He next cuts out the piece between 

the two welis, as shown iu P'ig. 22, leaving just as much material 

in the part marked E, that when rounded up to the size required 

it will draw nut exactly to the length wanted lietweeu the two webs. 

It may here be remarked that the eiamplo adopted is what is 

commonly termed a double throw crank, as being a more interesting 

illastrationu The middle jiart having been rounded up to the size 

L 'required, and drawn out to the proper length, is twisted so as to bring 

^fbs two crank wclw at right angles ; thin ia explained by Fig. 23. He 

kow cata ont the two triangular pieces shown dotted on Fig. 24, 

ntRtning the outer end of one crank web. Then by means of some 

Bf^anipulation with sets and cutters the end of the piece is set down 

■to form the collar, which is fiiliy explained by Figs, m and 96; which 

BBftnipnlation, it should lie obseiTed, does not in any way distort the 

knt^al by undue stress. The part NO marked on Pig. 25 is then 

mmwii or hammered down to the diameter reijuired ; and if there is any 

pnrplus material, which, theoretically speaking, there should not be, it 

■■ ont off the end of the ctillar at A, as shown on Fig. 20. One end of 

^Be shaft forging may n-nv lie said to be complete, and it is turned 

^pd for end, and, for a shaft of similar design, has to be handled by a 

Hsiter, the same as that shown on Fig. 27. He then cuts oat the figures 

Hotted on Fig. 27, and linishes a collar on this end in exactly the same 

KjR^ as the first collar was formed. The original tang end, or porter, 

^BBwn ont of the top of the ingot, as shown on Fig. S8, is then cat off, 

■■d the forging may be said to be complete. 

I The writer does not mean to say that the ingot in qnestion is the 
BbBrti Bbape that could possibly be got for the job ; hut, at the satue 
■fane, it may be regarded as a tairly representative one. 
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The idea of getting up a largo mesa of iron and hammering the job 
out of the solid lump, as in eteel, might, with advantage perhaps, be 
more generally practised, thus much of the risk of scarf ends would be 
avoided. Pretty mtich the same remarks as to the weight of hi 
apply in this case to iron as to steel. In proof of this, it has recently 
been shown that the scarf weld of a stern frame, if above a certain 
section, cannot he welded solid by hand hammers; but to make a sound 
weld requires a steam hammer (which is probably the handiest) or some 
other means of producing the neceasaiy power. 

The writer, in his remarks, has endeavoured not to cry down iroi 
as doubtless its day is not yet done, and for a long time it will certainly i 
hold its own for many uses — as long for crank shafts as perhaps any- 
thing else. In conclusion, he trusts that these " few practical remarks " 
will have given the members a faint idea of the difference 
forging crank shafta in iron and in steel. 




Mr. Luke Hope inquired whether it would not be better to forgo 
the steel crank shaft out of a square ingot, and so avoid the twistuiK 
requu-ed to bring the cranks at right angles, as in Fig. 23. 

Mr. 0. W. HuTcmssos, in commenting on the Deat arrangement 
of the paper, said it was clear and to the point. The writer had' 
wisely avoided the notion that everybody knew as much about the 
subject as he didhunselfj and he (Mr. HutchinEon) considered that 
when anyone wanted to convey information and knowledge the beat 
way to do so was to make everything simple and pointed. In referring- 
to the flaws found In the steel shafts, he said, Whitworth, Ernpp, and 
others, drill a hole through the centre of the shaft, not merely to cub 
out the " piping" or longitudinal porous flaw, but to remove the reinB 
or ramifications of the flaw, since these, in tho elastic working rf 
the material, spread further and further through it towards serioi 
development. The bore-hole therefore not only removes the unsoui 
material, but takes away the incipient beginnings of fracture. 
Hutchinson regretted that the writer of the paper had not followed 
processes of a double throw crank in wrought iron as well as in steel. 
Mr. Jacob Wallau said that it was important to thoroughly 
clean the scrap before naing it. and he would like to know wl 
system of cleaning Mr. Fownes rcoommended. He would also li] 
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bo have Mr, Fownes' opinion as to wliat aize or weight of hammer 
WM required for any particalar size of shaft. He qnite agreed that 
tvisdng of crank shafts was not desirable either in iron or Bteel. 
Drilling eeemed to htm to be, in many cases, nndeffl'rable in iron as 
neil as in et^l, for drilling a hole into a shaft certainty did not 
BMke it stronger, and the working of the cracks was, in his opinion, 
oAea only a sappoBttion and not a reality, and in that case drilling 



Mr. AsTHCB Laixg inquired if it wonld not be better to nse a V 
■nril block and a V head in foi^iTig sliaila. and thus the iron wonld 
be bett«T worked through lo the centre than when hammered between 
the ordinaiT flat faces of the hammer and anvil block. 

Mr. Foley said, as far as his eiiJcriencc had gone, laying on two 
weUing segments to form the conpling, as in Fig. 13, did not insnre 
a aoood job. It seemed to him the extent of the weld circnmferentially 
WM too great, and Uiat three or fonr segments should be used instead 
of two. He would be glad to know what Mr. Fownea" opinion was 
on tide point. 

Mr. }f ICBOL expi-essed himself exceedingly pleased with the instruc- 
tive utd graphic manner in which Mr. Fownes had exponnded to them 
f file varions mtthods adopted in the maonfacture of crank shafts. He 
(Mr- Kicholj had seen many cranks made on the system first described, 
and UlnflUvted in Fig. 7: bat it was the first time he had heard of 
OBiik shafts being made according to the second plan, shown by Pig. 
17, He wished to call particular attention to a question asked by Mr. 
Lnke Hope, and trusted Mr. Fownes, in his reply, would state his 
oooitm as to the relative merit« of two double throw B««el crank 
I the one case where in process of mannfactnre the shaft is 
1 through an angle of 90 d^rees between the cranks, and in 
r case where the shaft is made from a B()t]are ingot. He 
that therein might lie the true explanation of some 
i crwik shafts. He bad heard it slated, on good authority, 
I attnr steel mills in this conntrr. steel crank shafts had been 
1, and replaced by iron shafts. Ueferring to " flaws," 
t aoatelintea small fasgrnents of brick, lime, or other matter 
t w lf<« and produced longitudinal opening or fradore, 
( ^Cn few engioeen would condemn a shaft for fi^ctnre of iim 
{JeMod to hear thi.l the firm with which Mr. Ki.wuw 
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•WBB connected had iidoptcd a method of welding up flaws of IliiW 
nature. Fracture most rrequently occui-a in the fillets round the craoH 
pin or where the shaft joins the web, and when thia tak^ place thM 
shaft should be at once replact^d. M 

Mr. Aj.bxandee Tayloe inquired whether there would not be (■ 
greater sti-csB set up in t!ie material owing to the treatment it roceiveM 
in setting down the eud |x>rtion uf the shaft close to the crank web(J 
as shoivn in Fig. 24, than could possibly take plai'e in twisting tfaM 
cranks to right angles, when we remember the twisting is distribntefl 
over a length uf at least two feet. M 

Mr. D. Myles asked if hydraulic prcsem-e could not be applied iflfl 
the foi^iug of crank shafts ? H 

The Pkesidekt thought that the diagrams, and the modeinwhicbl 
Mr. Fownea had prepared his paper, constituted a striking e^iample on 
the benefit which a society like theirs would confer on the districtn 
He had been a member for some years of the Institution of Mecbanicall 
Engineers, and he could say without hesitation that he had ueTvfl 
heard a particular poiut in manufacturing practice more clearlffl 
expounded than in the paper they had just listened to. Some jeaaM 
ago he had a little experience in making forgings, and he was boundfl 
to say thai he did not find his experience quite tally with that o^l 
Mr. Fowncs. With regard to the relationship that existed betweenw 
the hammer and the forging, he said that the hammer might be &| 
heai"y one in one case and a light one in another. It had alwa)*a 
appeared to him that the stroke of the hammer was an important.! 
element to lie taken into consideration. They all knew that tbfrl 
hammer bad a much greater momentum at the end of a 3-feetlfl 
stroke than at the end of a :f-feet stroke. Another case in wbiolt^ 
a long stroke had a better effect was in the rounding over of thew 
crank, as shonn in Figs, lu and 11. Uis experience was, thakM 
throDghout the whole of the forging the stroke of the haiumer was mM 
very important clement to be taken into consideriitlou. Those whO'l 
had had any experience with the iron shaft would know the difficulties. I 
they had to contend with on account of the Hucf, marks, and otbei ■ 
flaws BO often found to exist in the forging. They had nothing of I 
that in the steel shaft ; and he thougbt that the steel shaft, when pot I 
into proper hands, was a much more reliable piece of wcrkmanBhip> ■ 
than any iron shaft, however well it might be laid ii[>. I 
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Mr. JoHS Thokpson took eiception to the aBsumption of the 

»p«vious speaker that the eteel ingot was perfection. In many cases 

KithEi^ were air-holee and otlicr similar imperfections in »t^c\ ingots, and 

TtB the ingot wliL-n worked under the hammer is not at a welding 

l-lKat, these bolra although thcj niay Ik' hammei-ed close are still not 

I'ttade sooiul. With regard to twisting, he considered that if there 

s a moderate distance between the jaws of a crank it could do no 

viBim to twist it to a right angle; but if the distance was very short, a 

ISn^mao, for his own sake, would not twist it, because he would noi 

■SiaTe Bpacc enough between the jaws to hammer the ])art disorted by 

fewiatiug. As to the effect of forging with too liglit a hammer, he 

advised bis hearers to try an experiment for themselves; he suggested 

that they should tiike a piece of cast lead, say an inch square in 

aection, and they would find that by lightly hutnmcring it to a 

daectiou a hole would be found right through it ; and just in the 

e way they could take a steel ingot and hammer it from sqnure to 

I, and if the hanmier was uot a very heavy one to strike through 

» the centre, they would have the same result. The great thing was 

» have u lieavy Jmtumer, one that would strike to the centre. He 

mid not tell them what weight of hammer was required for a certain 

1 forging, but he advised them to iiave a hammer that would do 

) required work with the least number of blows, and they would 

1 get the soundest material and the cheapest work. Whether 

iking iron or steel shafts he eouBidered the use of light hammers 

^ether a mistake. It had been suggested that crank shafts slionld 

be pressed, but he should like some member of the Institution to tell 

him what hydraulic pressure would be necessary to make a crank abaft 

like the one shown on the dingi-ams before them ; in his opinion, no 

maehiui: that they had at the present day could make such a shaft. 

He hud no donbt that the steel cruuk shaft would at some future 

time be Ihe shaft, but ut preseut it was not bo i-eliable as a sliaft of 

good wrought iron made up bit by bit, and every piece of which 

could be answered for. 

Mr. Lewis entirely disagreed with some of the remarks of the 
pa^vious speaker. Ue (Mr, Lewis) had had some experience with 
steel, aud he cduld state that 'JO degrees was only an ordinary angle 
of twist for steel of the requisite quality when at a bright red heat, 
whereas, owing to the layers out of which an iron shaft- is l)uilt 
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up in forging, the danger of injuring the shaft in twisting is very 
great. He had seen a shaft in an ocean "liner" nfter the ti 
had n sharp race against time, where, closu to the crank web, the 
outeide of the shaft showed the ontlinen uf many of the diSerent 
pieces out of which it was composed. The shaft was not bad, 
and it worked for a considerable time after be saw it ; bnt if 
snch a thing had bocn observed in a steel shaft, the eliaft wonld 
have been condemned at once. He considered that the hammering 
which a shaft undenveut caused a far greater stress in it than 
did twisting. One great advantage in tlie steel shaft (apart irora that 
portion which had the pipe in it, and which every forgeraan wonld try 
to get rid of) was that the heat in the furnace struck on the outside 
only, and compai'atively affected the steel shaft to a much leas degree 
than it did an iron shaft. The quality of the coal used in the ftimaces 
varied considerably, and they all knew that even the best coal was not 
free from sulphur ; and the numerous slabs from which an iron shaft 
was built being entirely surrounded with flame in the furnace, however 
well a shaft was hammered, the cinder could not be entirely removed, 
but showed itself at various places. In steel shafts, where the heat only 
played on the outside, they had oothing of that ; besides, steel ingots 
were always worked in gas furnaces. .\b far as he (Mr. Ijewis) remem- 
bered, there were many vessels that had not g.tt clear certificates for 
their wrought iron crank shails, and that, he considered, showed that 
a great numy wrought iron crank shafts were faulty ; but just because 
the material Irom which they were made was known to l>e good the 
sliafts were allowed to be used. The east steel crank shaft was snperior 
to the forged steel crank shaft, as there was no severe treatment put 
upon the material, and all strains could Ik avoided, and the material 
could be made to answer every test that could he required by Lloyda* 
and other inspectors. He knew fi'om experience that two shafts of' 
that material, and IS-in. diameter, had been fanning for twelve month^' 
and a locomotive shaft had been running five years on the North- 
British Railway, so they would see that cast steel shafts liad proved 
themselves to stand thoroughly ; and, in his opinion, they were prefer- 
able to forged steel, but he considered forged steel to be three or foni 
hundred per cent better than wrought iron for crank shafts. 

Mr. Pdtsam said, he rather thought Mr. Fownea had missed a 
point in not touching upon built omuks. In built crunks ther cjuld' 
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put a great amount of work upon the pin, and at the eame time bu 
certain that it was soand, whereas in the case of a solid crank the pis 
waa simply a spongy mass. One gentlenftan hod asked if it was a fact 
that some steel makers hud been supplied with irou cranks. He could 
aBBore him that it had l>eeu eo, for the firm with which he was con- 
nected (the Darlington Forj^ Company) had supplied six of the largest 
steel makers in this country with wrought iron cranks, and several of 
them were to replace steel ones. He certainly thought that steel makers 
ought br this time to know what was best for them. The previous 
speaker bad mentioned steel locomotive cranks, and compared them 
very favonrably with iron ones. Perhaps it would interest them to 
know that two of the leading railway companies were giving up the 
Use of steel cranks, and returning to iron on&s. He might also state 
that the Board of Trade returns, extending over a period of ten years, 
from 1878 to 1883, gave an average mileage in favour of iron over 
steel of 10,000 miles per crank. When the fact that iron cranks were 
lasting longer than steel cranks was brought under the notice of steel 
makers, some eight years ago, they said, "Wait a short time ; steel is 
still in its intancy;" but although a considerable time had elapsed 
once then, he found that the last Board of Trade retnrns for 1884 
gave the average mileage per crank in favour of iron as 60,000 miles. 
with regard to the same geni leman's remarks upon the inferior quality 
of coal used by forge mastera, any forge master would tell them that 
only the best coal would do, for the simple reason that if an inferior 
qnality was used they could not get the necessary output to make 
things pay ; at the same time, he might add that the great advantage 
claimed by its introducers for the Siemens-Martin furnace was that a 
class of coal could be used that would not bum in any other furnace. 
Some time ago he noticed the phenomena ascribed by the last speaker 
to aniphnr. He analyzed the cinder and found that it consisted entirely 
of pure magnetic oxide of iron. He also found that the sulphnr con- 
tained in coai remained in the ash, except when the ash come in 
contact with the grate bars, which then absorbed it. The amount of 
sulphur passing olT in the flame was abnoet nil. He hardly thought 
the form of ingot shown by Mr, Fownes was the exact thing ; most 
makers had found octagonal ingote work better. 

Mr. MULHBRios inquired why Mr. Fownes did not advocate 
Piftlnng crank shafta &om scmp sieel ? 
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Mr. (teokgb Arnisok asked, with reference to a remark which fe 
from one of ths previous speakers, "that it was impoesibic to obtwa 
BolBctent hydraulic preswire to compress foi^ingB," whether Whib. 
worth's fluid corapresaed Bteel in hollow crank shaPtB bad not proved 
satisfactory, and might well be considered superior to forged crank 
ahails ? The ahafting of the S.S. " City of Rome" was hollow and of 
Whitworth's manufacture, 

Mr. FoWNEB, in replying, said, that he would not twist an irou 
ahaft, but would bnild it up. He mentioned that the iron mann&o- 
tm-ers of Leeds had twisted Ix'lh their iron and steel a-xles for years. 
He had seen them iDanulacturing their irou axles, which were made 
out of two bip; glale. anil he had not heard of any case in which 
of their axles had broken i[i the middle through twistinj;. Crank 
shafts could, of course, be made out of a square ingot, but the difficnltj 
was to get an ingot exactly to the size required. He advocated clean- 
ing the scrap with a "mmbler." A"V" mandril would make a sqnare 
shaft, but it would not make a round one ; and what they I'equbed 
a ronnd shaft. With regard to the question of the laying on oft 
for the shaft coupling, be should, if the coupling were a large one, put 
on three pieces ; hut probably that was a matter of opinion, Thft 
stroke of the hammer had, as the President told them, a very great ieai 
to do with the soundness of the shaft. The stroke was not of so much 
importance in rounding the ends of the webs, as then, though the 
stroke was much reduced hy the height of the web, a heavy blow 
not necessnrj', as it would tend to open up the longitudinal welds nt 
the crank web. A flaw in an iron shaft usually showed itself before it 
became dangerous ; but his experience had been that in a steel shal 
rupture came without any previous warning whiiteier. The octagon^' 
ingot might be the best for some work, but the shape of the ingot 
should be governed hy the piece they wanted to forge. In conclusion, 
he said that what little observation he had already made on tbe sabjed 
did not impress him in faronr of scrap st«el, bnt rather against it. 



A vote of thanks to Mr. Fownes for hia paper was proposed by Mr. 
Macoll and carried unanimously. 
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r APPROXIMATE CURVES OF STABILITY FOR SHIPS. 



vOfiE going on to the subject of thia paper, the writer wishes to 

y first, by anticipation, to gome objections that maj be made to a 

1 stability just now. It may be said that the subject has 

ntly received a very lar^c share of attention, and in now rather 

ne from a Uternrj point of view. But the writer doubts if 

i conBidtrs that stability calculations are la geueral use, or 

Jiing like it. Also, the use of the integrator rany seem to remove 

Bneed for "opprosimate" methods of calculating stability, and Las 

Bdonht removed to a great extent the demand for rapid approxima- 

i, at least in large drawing offices. There are, however, a consider- 

e nnmber of small establishments where various difficulties are found 

Eprevent its extended use. 

H the main object in arging the more extended use of " approd- 

be" methods is to remove objections which are frequently raised 

e ordinary method, it will be well to state as clearly as possible 
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what theae objections are. The ordinary mode of calculating is a very 
long, and a, wholly arithmetical one ; the urithmetical work being of 
a peculiarly monotonous character, and therefore very liable to error. 
The variotiB steps are so intimately connected, that the fiTinl result 
docs not afford any check upon the work in moat instanceB. 

The calculations, though simple in thcmselvcB, arc based npon 
principles not ao generally known as they might be ; many fairly expert 
calculators work very much in the dark as regards the principles of 
the rules they use; this la also an obvious source of error. The 
resulting curves appear to many persons to give a very email return 
for so much labour, and this deters such persons from undertaking the 
work. There are only two methods of checking, and neither of them 
is satisfactory, they are as follows: — First, the independent calculation 
for 90 degrees or some other angle, generally stated in text books to 
be very simple and easy, is veiy often quite the reverse, especially if 
there are large erections on deck and a high sheer ; moreover, when 
it does show that there is an error, it gives no information about the 
position of the error, and looking for it is a tedious process. The 
second is the metacentric method used to check the initial part of the 
curve ; thia, while in any case having only a limited scope, may be, 
and sometimes is, used for a ^eater angle than it correctly applies to, 
and the calculator may be led into carefully searching for an error 
that does not esist. Many of these difficulties are due rather to the 
calculators, than to the rales themselves ; but we must take things aa 
we find them, and endeavour to supply persons who find these 
ditEculties insurmountable, with alternative methods. An ohriona 
mode of removing the most serious of these objections, is to replace 
some of the long arithmetical processes by mechanical or graphical 
ones. Two objects would bo gained, the liability to arithmetical errors 
would bo reduced, and the two distinct processes would be made to 
efficiently cheek each other. Apart from tliis, the variety would be 
a great advantage in practice. Approximate methods of calculating' J 
can easily be given, having the advantages mentioned above, and I 
OS results can be got by them sufficiently correct for ordinary purposes, I 
it seems advisable that they should come into general use. 1 

The following may be taken aa desirable conditions to be fulfilled J 
by an approximate method: — ■ 
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1. The principle should be qnite simple, nnd iU eiplitnation 
should reqDire the use of as few mathGimtical eipreasiona 
as possible. Mathematical reasoning nnd modes of work- 
ing have given as our whole stock of knowledge concerning 
the Btabilitj of shipe, and to them advances in that 
knowledge wilt always be due. Bnt when the knowledge 
has been gained, and when the liberal nse of mathematical 
terms is found to deter many persons from studying s 
very interesting and naeful subject, it is advisable to avoid 
the use of such terms as much as possible. 

2. The several steps should be as independent of each other as 
possible, and so give a check upon the results. 

3. As the saving of time is often a serious consideration, it is 
well that the calculator may be able to avail himself of 
assistance, without thereby endangering the result through 
the inexperience of the assistant. 

4. The resulting diagram should give information for all reason- 
ably useful variations of dranght, like the more elaborate 
and correct methods. 

I Several of the recently published modes of calculating fulfil most 
le conditions ; but as the authors of them might perhaps object 

t the result of their labours being styled "approiimate," and the 
methods have not been sufficiently long before the public to judge of 
how far they are workable in practice, no further reference shall be made 
to them ; but the writer will pass on to admittedly approximate methods. 
The simplest of these was published in a letter to the 7'imes, by 
Mr. Barnaby, and trom it copied into T/if Sleamship, This method is 
nmply to transfer the immersed sections of the body plan to a sheet of 
(tiff paper. "Cut these out with a pair of scissors, and gum them 
together in their relative positions, care must be taken to spread the 
gnm thinly and evenly. The weight of the8& sections represents the 
diaplacenieut of the ship. By susjicnding this collection of sections 
from two different points, and taking the intersection of two vertical 
lines through the points of suspension, the position of the centre of 
buoyancy is obtained. Draw on the body plan a number of water- 
lines at various angles of heel, all the lines intersecting at the 
centre of the upright water-plane. Cut out as l)cfore the immersed 
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Becticins corroapoiidiuj; to the first inclined water-iilaiie and gnm them 
together. The actual floating line at this angle may he obtained by 
cutting off parallel slices from the tops of the sections, untii the weight 
is the same oa those in the upright position. Find the centre of 
buoj-ancy as before by suspending them from two points. The dis- 
tance between a vertical line drawn throngli the new position of the 
centre of buoyancy thus found, and a vertical lino thmugb the centre 
of gravity of the ship is the leverage at wliich the weight of the ship 
acta to right herself at tliis angle of inclination. If this process is 
repeated for each angle, a complete curve may be obtained." 

This, while bting simplicity itself, and in careful hands, giving 
good results — as stated in Mr. Bamaby's letter — is open to many 
objections. The principle upon which it is based is not a correct one, 
as the centre of gravity so obtained is merely the common centre of a 
series of isolated planes, and is not the centre of gravity of the body 
of which these jilanea are sections. The difficultiea occnrring in 
practice are perhaps less important, but as they are jnst as likely to 
combine to vitiate the result as not, their presence is objectionable. 
These difficultiea are : inequality in tbicknesa of the ^japer used, un- 
even distribution of the gum, centre-lines not coinciding, and tiia 
difficulty of cutting off the correct volume of disj^ilacemenb. To gt 
over these difficultiea and objectioua, and at the same time render th 
method available for getling mora estended informntion, the writa 
combined it with Mr. Denny's firat integrator method, that invented 
by Mr. Fellows, namely, paper sections, and a platiimetcr taking th) 
place of the integrator. By employing this method the usual correctiM 
for difference in the volume of the wedges of immersion and emersioS 
is dispensed with, as it is only necessary to obtain a series of valnoj 
for the righting levers for each angle, and the displacements to whici 
these levers correspond. The displacement thus becoming a variable^ 
instead of a flsed quantity. 

A full liody plan is required, but this can easily be got by tracing 
the sections, and reversing to obtain the other side, or any other ea^ 
way the operator may select. He then has to determine the number 
of draughts necessary for the particului' vessel, generally four will be 
found sufficient, and the angular interval. For the latter, Mr. Denny 
takes 15 degrees, hut for an approximate method, 20 degrees generally, 
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r two inlermediattf angles, vrill be qaite near enongh. The 

tkiights should be so cboBen that the finished diagram will give 

»t«" for ordinftry stability curves, from the light to the load-line. At 

i angles and draughts it is uecessiiry to arrango the water-lines so 

1 none of them cut the aftermost section in more than two points, 

erwise two centres of gravity will be re(inired for that section, 

e sectionH of the body plan have now to be tranflferred to sheets 

r paper, and cut out, as many copies of each section being re- 

d as there are angular inter vab. 

i having been done, and a position of the centre of gravity of 

) vessel assumed on the centre-line (OG Fig, l), work can be com- 

mced for the first angle and the dei-pMt draughl. A lino (W L Fig. 1) 

iving been drawn across the ))ody plan at the given angle, planimober 

ings have to be taken for each section up to the inclined water-line 

i entered in a column on paper ruled for the pnrpoac. 

Betnming now to the paper sections, the inclined water-line {\V L 

ig. 1) having been drawn across each section in its correct positioii. 

t part of tlie section above this has to lie cut off, and the centre of 

tavity (C B Fig. 1.) of the remaining portion found by enspension. 

B distance between a vertical line (A B Fig, 1) drawn through this 

Ent and a vertical (ED Fig. 1) tbrangh the assumed centre of 

y of the vessel may be called the "lever" for this section. 

1 planimeter readings have now to be multiplied by their 

ve levers, giving the moment of eacli section about the assumed 

e of gravity of the vesae]. The readings and moments have then 

3 set up as ordinatcs of curves, the abscissre representing the dis- 

B of the sections a|iai-t. It is immaterial what scale is used tor 

r ordinates or ai>scissffi, but if the planimeter is to be used the 

s should Iw so choscu that the areas of the corves can be got by 

s traverse of the instrument. The area of the curve of moments 

rided by the area of the curve of readings gives the righting or up- 

tting lever for the given draught, angle of inclination, and rasnmed 

Bitiou of the centre of gravity of the vessel. 

The areas of these curves can be got by either Simpson's mle or 
f the planimeter. 

The work for all the angles is similar, as also for all the other 
raughts except that new sections are not necessary, the reqtiired layer 
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(WL WiLi Fig. 1) being cut off the original paper sections. We 
here se« the reason for beginning at the deepest draught. 

The rest of the work being exactly simOiar to Mr. Demij'a method, 
it ia only necessary to quote from his paper, with slight variation : — 

"The product of the cun^e of readings and a suitable multiplier 
is the displacement at the given draught. This process having been 
performed for each of the draughts at the given angle of inclination, 
figures are obtained for setting off the calculated displacements as 
absciasie (A A, A, etc.. Fig. S) upon a horizontal base line, and at theec 
points, ordinates, representing lengths of righting levers. A curve 
through these points is the cross curve of st-ability for the given angle. 
Similar work has to be done for each of the angles required, and 
series of cross curves obtained, one for each angle." 

J>om these curves, an ordinary carve of stability can be got fat 
any displacement (D Fig. 2), by simply erecting au ordinate (ED 
Fig, 2) at the position of the given displacement. The intersections 
of this line with the cuitcs give ordinates for the required curve of 
stability. It should be noted that the same centre of gravity having 
been used for all the displacements, a correction has to be made 
variations in the height of the centre of gravity, found either by ■ 
culatioD, or by heeling the vessel. 

The above-descril»ed curves make no allowance for erections on 
upper deck, or append^es beyond the extreme sections used ; but 
number of appendages can easily be added, by getting their areas : 
moments in a similar way, and adding them to the respective cui 
(readings and moments) Ijefore finally finding the righting lever. 

In the exphination also, the curves of readings and moments 
been assumed to Lave been plotted, but it will lie at once seen that the 
are^ can be got without plotting, if the cur^-es liave been niadi 
from ordinary displacement sections. Much time can be saved by thi^ 
but a calculator so saving time loses a valuable check upon his work, 
for, if the curves were plotted they would show by their fairnesH, if the 
preceeding operations were correct. A good deal of interesting infor- 
mation is also given in a graphic form concerning the change in fore 
and aft distribution of displacement, produced by inclining the vessel, 
and as to how Ikr the assumption that no such change takes place ii ] 
correct, or not. 
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The BdvantDges that can lie claimed for tliis metliod are as 
foIIowB : — 

1. Only Tery elementary knowledge is required to clearly 

understand the process. 

2. The various steps are sufficiently distinct to allow of two or 

more persons working at the same time. 
8. The afisistunt, or ttssiBtants, may be comparatively inex- 
perienced. 

4. No special apparatns is neceseary as almost every office 

possesses a platiimetcr. 

5. Any body plan which has a sufficient number of sections to 

give fail' lines will do for the calculation. But if the 
sections are not arranged for Simpson's rule, the curves 
of readings and moments must be plotted ; this, as has 
been before stated, is in any case desirable. 

6. If the curves and sections are kept for reference, a very 

good idea can quickly be got as to how a modification in 
form would effect the stability of a subsequent design. 

Any estimate of the time required to get out a complete diagram 
by this racthod is purposely omitted, as it depends to a great extent 
npon the calculator's powers of rapidly tafcong planimeter readings, 
etc., and idso upon the amount of assistance that is a^'ailabic. It 
therefore seems advisable merely to describe the method, and omit 
porticulars which might be misleading. 

The writer has in the foregoing applied Mr. Bamaby's paper 
section method to avoid the use of the integrator in one of tbe new 
methods of calculnting stability. But a little reflection will show that 
several of the other methods could be simplified in a very similar 
manner, and also the results ooidd be put into other shapes besides 
the cross curves herein described. 

The method can also be used in conjunction with the ordinary 
calcoitttion. The writer has done this for racing yachte, in the 
fallowing manner. It is customary to calculate the curve of stability 
of these vessels right out to its vanishing point, generally about 180 
degrees. These curves are of a. peculiar character, and are worth some 
study, as the conditions are very unusual, and give some insight into 
the effect produced by niaBipnlatiiig the centre of gravity. 
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on Boine fiitnre ocouaioa this Institution wil! permit the writer to 
some illustrations and comments thereon. At present the curves are 
calculated by the ordinary method op to about 100 degrcea — the 
raaiimuin point — and completed by the approsimate method, which ii 
also used to interpolate points where they seem necessary, such as ii 
the neighlxiurhood of humpa, et«. In this particular caae, as only one, 
curve of stability is required, the wedgea have to be adjusted l(efora,l 
cutting off the upper part of tbo sectioua. This adjustment is effected 
by pntting in a trial inclined water-line, and calculating the displace- 
ment up to it with the planimeter. If the displacement bo found is 
lesa or more than the upright displacement, the water-line has to lie 
shifted until the two results are got equal, or as nearly so as u 
necesaary for the particular case. It is generally easily and rapidly 
done, eapecially for the interpolated points, where the difference in 
volume of the adjoining wedges is correctly known. The 
principle can be applied to any caae where the stability at only one 
draught ia required. 

The method first treated of haa been called "Mr. Barnaby'a 
method," though he clearly stated that it was someone else's property.' 
In the absence of any definite infonnation concerning the inventor, 
the writer had to do this for brevity's sake. 

In conclusion, the writer begs to express n hope that if he baa not 
succeeded in explaining a particular method be has used, he has at 
least sucL-cedcd in interesting some of his hearers in the subject of 
" Approximate Ciu-ves of Stability for Ships." 



Mr. Macoll, in rising to open the discussion, said he was strongly 
of opinion that the writer of the paper did not require to make 
any apology for introducing anything in the way of simplifying the 
subject of stability. It would be well that not only thcac who were 
engaged in the constmction of shijia, but also those who were en- 
trusted with the navigattou of the same, should have their attention 
directed to this subject, Shipbuilders cannot always be obtaining 
practical experience of ships at aoa, and they are in a measure de- 
pendent on the reports of the tajstaina and otlicers who na\igate the 
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liBve gained exj»erieiice of them in varying conditions of 
lading. And, apeakinggencrnllj, seafaring men at the 
le have not that knowledge of the priiicipies of stability 
which would enable the ahipbuilder to aw»pt reporla of veBaels' be- 
havionr at eea without nt least eunsidcrahlc caution. And in order to 
attain a oomoion standpoint, it is greatly to be desired that the sub- 
ject of stability should be simplified and popularised as it were, as 
mnch as possible, In reference lo the paper and the cardljoard 
Mctions, he would like to know how the correction for the angular 
kyer was arrived at, He supposed the area of the level wiiter-line 
mold be first taken, and then the area of Che inclined or angled water- 
line compared therewith and the necessary correction made. Then in 
the jiaper it was stated the aseunied centre of gravity was to be taken. 
Was thifl centre of gravity (wiiich by the way in the diagram seemed 
I very low) assumed from a similav voBsel whose centre of gravity was 
known, or how? It appeared to him it was of the gi'eatest importance 
that the approximation should be na nearly correct as possible, owing 
i to the effect the position of the centre of gruvity had on the length of the 
j brer, or in other words, the measure of the safety of the vessel. The 
I writer of the paper had laid some stress on the point that the length of 
stability calculations deterred many persons from going into them; this 
I was to a considerable extent true, but still it must be born in mind that 
a very considerable Dnml>er of vessels constructed in late years, more 
especially amongst the East Coast collier and coasting class, were any- 
thing but deficient in stability ; in fact, in his experience a veiy large 
number were somewhat troubled with an exceas of stability, especially 
when in water ballast ) and in several cases lately, comparatively new 
vesBcla had been fitted with bilge keels or rolling fina in order to pre- 
vent or lessen the excessive roiling. For several years past steamers 
have gradually Iteen increased in beam, in proportion to other dimen- 
sions, and, no doubt, increased beam is in some casesa very good thing, 
both from a stability and also from a small load draught point of view. 
Still, the greatest advocate for increased beam never intended the 
beam to be carried so close to the extreme ends, as is now sometimes 
done to such an estent that what in the newspapers are called splendid 
specimens of naval architecture, approach closely the proportions and 
^^■ucity of a rectangular box, and in this isse wc have the short, quick 
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rolling, whioh ia ho objectionable. He might say that he bad not on! 
been interested but instructed by the paper he liEid just heard read. 

Mr. Tkewent agreed with Mr, I*ong that the large amount ( 
Rrithmetical work necessary to arrive at the usnal cnn'ea of stabilitj 
had deterred a very large number of private firms from going mudi 
into the subject of stability. The curves that liad been calculateAJ 
had chiefly been dune by the larger firms, such as Messrs. Denny'^B 
Palmer's, and Mitchell's, and many smaUer firma bad not gone into thtfl 
qnestion at all. Mr. Long had said tlie method under discussion was 
approximate, and he (the speaker) thought it might bo new to a groat 
many of thera ; but, although he had seen it before, he had never 
seen any comparison between the results from this method and the 
actual calcuhitiou. He should be very gkd to know how near or 
how approximate it really was, and whether it came anywhere near 
the actual resiills got at by fall and detailed calculation. The firm 
with which he was connected had, in their small way, tried to calculate 
a few curves of stability j they had inclined several claases of steamers, 
both light, in ballast, and loaded, and he might correct the previona 
speaker when he said that all the vessels built in this ueighbourhood had 
ample stability. He (Mr. Trewent) knew that some of the larger clasa 
of ships built on this river had anything but a surplus of stability when 
loaded with a homogeneous cargo, such as coal. He thought the height 
of the raetacentre was generally low; and would like to know what 
the best authorities on this qnestion of stability considered the least 
metacentric height for ships should be, loaded, as these vessels were, to 
a deep draught, with a freeboard even less than Lloyd's tables required. 
The safe amount of stability was at present a matter of individual 
opinion, no recognised law had been laid down. They wanted more 
information before they could work on anything like the proper lines 
in designing their shija. Mr. Denny's cross curves of stability were 
very valuable. Aa time went on he had no doubt they would still 
further increase the beam, and thus add to the stability; bnt it mast 
not be forgotten that in vessels of this class a foot or so more freeboard 
will greatly improve the curve of stability, and in many cases make an 
nnsafe ship into a safe one. He hoped some of the younger members 
would introduce some method by which they would arrive at the 
required results witboiit the long cnlculiitions they had at present. 
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Mr. Macle^x said, in reference to the diBureut approximate 
methods eniiiiierat«d in Mr. Long's paper, that he {Mr. Maclean) con- 
tidered the deecriplion of Mr. Baruaby's metbad rather ambiguous. He 
had got excellent resnlts from it, agreeing exactly with those from the 
integrator and the ordinary tedious method ; but he knew some of his 
Mends had not been so successful, aod perhajm Mr. Barnaby's method 
ehoold be more generally known. He first t<>ok a large sheet of smooth 
drawing paper, and stretched it on a board as much as pnsslble; he 
then took a tracing of tbe <:quidistant eeotions of the ship, and pncked 
each one through separately for the ujtright and different angles of 
heel, careftillj placing the inclined water and centre lines on each 
section, and allowing a margin on the inclined sections at the top of the 
iraler-lines to enable him to adjust the weights of the different inclina- 
lionfl with the upright condition. After outting out the sections exactly 
to the points and carefully gumming them together with thin giun, so 
that they each had the same centre and baae lines, he squeezed them 
gently in a press; and got all the sections ready for adjusting for 
weight. He would add that in gumming it was necessary to place the 
sections in order, and gum them in groups of four or fire at a time. 
He then took the upright condition sectiocB, which were all cut to 
their proper water-line, and placed them in one scale of a balance ; and 
taking the inclination set of sections, planed down the margin parallel 
to the water-line till the weight of these sections agreed with the 
weight of those iu the upright position, and so on for all the different 
inclinations. He then suspended the inclined sections, and found their 
centre of gravity, which gave the correct position of the centre of 
buoyancy of the sliip when inclined to that angle ; and knowing the 
height of the centre of gravity from the inclining experiment, he could 
get the lengths of the righting or upsetting levers for the different 
angles of inclination, and thus form the curve of stability. He might 
stat« that he had only used this method as a check on the accuracy of 
the integratur, that machine giving the righting levers iu much less 
time, and its manipulation Wiis so simple that a compiaratively inex- 
perienced person could get out stability curves more quickly and 
accurately by it than could be done by any of the approximate methods. 
In referring to Mr. Long's method, he considered that in getting out 
the volumes, ett'., tlie process could be shoi'tened consideriibly. if, whilst 
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using the pinuinietcr, iuateud uf taidng readings at the end ufeach 
section travei'aed, they took simply three readings, viz., Ht the end of the 
two ends and the odd and even sections, care being taken, if the plani- 
meter wus not of the latest tjpe, to note the number of times the ten's 
recorder passed zero. He thought the question put by the last speaker 
{Mr. Trewent) rather wide in its scope, and considered that it could 
not be answered generally, fur the metacentric height in the upright 
condition did not always give a correct idea of the stability of the ship ; 
for a ship might have what was apparently a safe metacentric height 
in the upright position and yet lose it altogether on being inclined to 
20 or 30 degrees, or even less. It was necessary to have stability 
curves for the load and light draught of the \'es8el, to ascertain if the 
least metacentric height had been attained at which the ship would be 
workable in a oertain trade or carrying c-ertaln eai^oes ; and it could 
also le defined what cargoes the ship conid and could not carry. 

Mr. Heck said that with regard to paper sections hia experience 
was not satisfrtctory. He never could get two sheeta of paper to weigh 
exactly alike. He bad tried all kinds of i>aper, l>ut had not found any 
two weigh exactly the same, and the difference in weight of the paper 
would make a difference in the result. He considered the question 
of stability was one that would have to be gone fully into. The 
integrator was no doubt a very uaeful instniuient and should be in 
every drawing-office, as anyone accustomed to its use could by its help 
easily work out a set of cross curves such as Mr. Denny descrilwd in 
his paper last year. He would like to see the eiamplos of Mesers. 
Swan and Hunter, Messrs. Mitchell and Co., and others, followed, y'lz., 
having their ships inclined before they left the river. 

Mr. Mavou, in siieakiug of the time occupied in making an inclina-' 
tion, said, that Mr. Denny informed them that with a well-trained and 
thoroughly organised staffhe uould do the work in 40 minutes, but, he 
Mr. Mavor, considered it could be done in rather less time, for, with 
fiivourable conditions as to weatber, four inclinations could be taken in 
half-an-hour. He was sorry Mr, I^ong had taken up a view so common 
amongst calculators of stability. Many papers that had been produced 
lately had been deaigued to make a simple matter »ppcar simpler, and 
to save calculation as much as possible. He thought they should 
rather endeavour to develoixj the calculatiug powers of the younger 
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meml]erB of the profesaioa. He did Dot advocate the use uf the 
integrator too largely, as it tended to treate a class of people who 
oould not calculate a uolumn of (igurea correclly without some Euch 
mechanicat aid. With regard to the accuracy of Mr, Baraaby'a 
eiethod, he had ivti himself carried out the work, but be ttuderstood 
■^ with cure in cutting aud jj^umming the seclious a very close 
^BproxiniutiaD t-ould be arrived at. 

H| Ma. Albxandkk Tavlok thought the paper was miaoamed and 
Hu not deal vritb a shi]>'s stability. He had hoped to hear of a 
Htodj method of locating the ceutre of gravity of various types of 
Hkamere, together with the centres of gravity of homogeneous cargoes 
Hfbich ffould just fill the ships; and of a simple method of locating 
^be centres of buoyancy of these various types of ships at various 
^BnughtH aud angles of heel ; but, instead, he finds the most important 
Hkmeut, namely, the centre of gravity, is simply assumed to be some- 
Hfbere. To him as an engineer, the pai^r ap^ieared simply another 
^petbod of finding the centre of buoyancy. In this case the centre of 
Wmojaaaj is found by a combination of two methods, one of which tlie 
Hnriter condenms and then uses. Tiiu VTiter condemns the use of 
^bper sections because, as he says, they are incorrect in principle, and 
^Mble to error on account of irregular thickness and irregular distn- 
^ktioii of gum and defective adjustment, and he might have added 
ftu^oal stretching of the paper when damped by gum. And yet the 
Bttiter instantly after this condemnation adopts these paper sections 
Bprith most of tlieir defects and combines them with portions of another 
^piethod, and calb this compound his approximate cui-ves of stability 
H^ abips. He might say that so far as the statical stability of the 
^hip was concerned at the ])articular augle of heel ahon-n upon the 
^bgiam, it mattered little whether the G B was eliiiled up or down 
^^^ distance, tlie righting moment remaining the same; but at that 
Hnclination it made all the ditference if the centi'c of gravity vras 
Hnoved up or down in the centre of the shi{). The great want is not 
BjUDther method of locating the G fi but some reliable simple plan of 
Hbowing where the ceutre of gravity of ship and cargo is for each 
B^yage ; aud l>y way of illustration he stated that if the C was 
■Aiifted from its assumed position the cross carves would be quite 
Bbangud and useless. He I'emembered the tiist calculation he made 
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to find the centre of buoyancy of a ship in indined positions ; after 
culculating tiie wedges of immersion and emereion, he was veiy much 
troiibk'd to know what to do with the correcting layers, he thought ■ 
Rankinc said subtract them nhile he reasoned that they should t 
added, he ultimately added thera, and i-e-mtidt; ihc ojtculatioDs on ths^ 
corrected watur-UnGS, and found the difTereitcrs of the wedges hadi I 
practically vanished. At tliat time the idea wicurfd to him to try I 
paper sections as a practical test, and the result was m satis&ctoiy ' 
that he has often since used paper sections. However, he < 
underBtund how any man with common sense can expect sstis&ctory 
results from gummed paper sections; they are objectionable both on 
account of the weight of gum, and the liability of the user to unevenly 
distribute it over the paper. He finds the better plan is to stitch the 
sections together with fine sewing thi'ead (of which a yard is ample 
and its weight is practically nil) and tlieu iron them out jjerfectly flab J 
and straight. He wasoonvinced that of all the approximate methods, -f 
the paper sectious are the best and safest, and he would place mon 
reliance uiion their result than upon the results of the most elalmrataii 
method ho had seen worked out. With regard to the vital pointy I 
namely, the position of the ceutre of gravity of ship and cargo, he b 
quite satisfied tlial many steamers were missing through the centre o 
gravity being too high, and he might say that all the steamen ' 
recorded missing in the last four years wreck registers were loaded 
steamers, and the missing steamers for 1881-82 only averaged four 
years old and were proportionally of nmch greater depth of hold than 
the average steamers. We may build steamers with the Ijest and 
safest deck arrangement and give theai larfte freelxmrd, and yet- 
through their proportions or loading they miiy be unsafe. We must i 
have more jntbrraatiou on the C G of ships and cargo. 

Mr. Macleak thought that the last speaker ivas mistaken with 
regard to the necessity of the esact position of the centre of gravity 
being known in prehminary calculations; he said that the calca- 
lator has to make these curves from the ilesu/n of the ship, and has, 
tlierefore, to take un assumed position for C 0, and then find tba 
righting levers from this assumed point. After the sliip was built, 
and its true centre of gravity foimd from an inclining experiment, 
it was a very simple calculation to make the new curves for the correct 
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centre of gravity; for suppose wp took the top of the keel to Ik? the 

I pogition of the C G, then the righting lever thna found from 

■at is greater than the true righting lever, hy the height of the true 

mtre of gravity above the assumed, multiplied by the sine of the 

igle of heel. The height of the centre of gravity of the ship for any 

carried, aupposiag we know its position for the light condition, 
e easily fonnd if wc know the weight of cargo and its position in 

I, and new curves of stability can then be got out to suit this 

if gravity of ship and cargo. 

Ke, Taylor asked if in the cas^ of a ship being ordered into 

Kk to load pig iron and coke, and the master ordered the pig iron 

« put in the 'tween decks, and tlie coke bclnw, or vice versa, how 

f were to t*ll where the centre of gravity of that ship and cargo 

? he also wished to know if it was at all likely that the owners 

d detain the ship until the necessary calcuhtions had been made. 

Me. C. W. Hutchinson said that the discussion, within the last few 

tnutes, had teen running in a direction that he was ansiouB to hear 

ke, namely, enforcing the necessity of accuracy in the fundamental 

t of a set of calculations. It happened that the paper throughout 

reasoned upon an assumed centre of gnivity as the basis of calcu- 

n ; and someone had deacrilwd different arrangements of cargo 

1 stowage BO BB to vary or change the centre of gravity ; but it 

! borne in mind that calculations of stability are very often 

6 and their resiilU required during the course of design of a vessel. 

kt time, cargo experiments cannot be trie !, and if the calculations 

) possess any value, the C W, which is the basis of these 

Iculatious, must lie acctu'ate, or as nearly so as is possible. Under a 

1 condition of vessel the C Q is a fixed point, whatever be the 
gle of heel or roll ; but, with every variation of the angle of roll, 
e B, or centre of buoyancy, changes. To show the importance of 

f oa to the C G, it will be seen, on reference to the canted 
, that every inch that the G is lifted, it approaches nearer 
vertical line passing through the C B, and every inch that the 
[ is lowered, it departs further from the vertical line passing 
rough the C B, thus, any movement of the G (which must 
rays be on what we may term the line of the ship's mast, or the 
Igle of roll) lengthens or shortens the lever of righting movements. 
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It is, therefore, of prime importance that by analog)- or liy calculation 
this point be arrived at as nearly as possible. He should like 
to know Mr. Long's opinion oa to the esteiit of angle for which 
the usual forms of calculation could be followed for metacentric 
figni-es. He thought Mr. Taylor was a little too severe with respect 
to gnmming the paper sections. He (Mr. Hutchinson) knew Mr. 
Barnahy to be a man of the moat shrewd common sense, and 
tlic system which ho had publislied he pluiuly said was not his 
own, yet his shrewd common sense had led him to consider that 
it was a iairly reliable system. The gumming process required to 
be carefully done, and if, after placing the gummed sheets together, they 
were put under a letter-press, and the superfluous gum srjueezed out, 
he tlionght a good deal of the difficidty could be overcome. He could 
not agree with Mr. Maclean, who advocated taking a number of areu 
with the planimeter for one reading. The planJmeter is limited, and 
it is ranch better to read frequently ; otherwise, while the reader might 
be perfectly correct in his units and decimals, he might easily be wrong 
in his t«ns. He was glad to see brought forward some means of 
simplifiing the laborious processes of stability calculations other than 
the use of the integrator ; for, useful as that instrument nndoubtedlj 
is, stabilities will often have to be worked out without its aid. 

Mn. Jambs 0. Spence wished to point out tliat, instead of using aa 
arbitrary jwint as C G, and making the calculations from that point, 
the work is simplified by finding the actual point where the line 
through the centre of buoyancy cuts the centre line of the ship, and 
cross curves may be laid down of the actual position of this point. 
With regard to Mr. Taylor's remarks that all that was required was. 
the position of the centre of gravity of the ship. He (Mr. Spence) 
would object that the stability depended on the relative position of 
the centres of gravity and buoyancy, and the finding of the one with- 
out the other was useless ; he considered that calculations, such as tho 
one given in Mr. Long's paper, were not useless, but were aa important 
as the finding of the centre of gra\ity, which ^loint could best be 
determined without calculation by some such process as that adopted 
in Mr. Taylor's stability indicator. 

Mr. Jacob Wallac thought that the shipbuilders might supply 
captains with a statement showing the cm-vea of stjibility for cargoes 
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of TftrioDS kinds. It would serve as a guide to the captain, and would 
sbow him what he coold safelj do and what not. "He did not think 
the shipbuilder could have any difficulty in supplying such information. 

Mr. BIavoh said that a table for one combination of cargo would 
be qait« useleBB for another combination of cargo. 

Mr. Wallau added, that no doubt Bome knowledge on the part of 
the captain would bu neoesaary, but a table might be arranged to give 
the average height of the centre of gravity for various combinations of 
cargo. He considered the auggestion was quite practicable. 

ilr. Heck said that Mr. Denny now gave a pamphlet to all who 
ordered a ship from him, in which he described and gave particulars 
of the variation in the stability of the ship under varions conditions 
of loading. 

Mr. A. E. Loso in replying to Mr. Macoll, said that the correct 
position of the water-line on the section was taken in a wholly arbit- 
rary manner to suit the judgment of the operator, but it must be 
taken in the same position on the body plan and paper sections. The 
so-called centre of gravity was merely taken as a point of departure, in 
fact. The lower it was taken the better it was for conyenience, as 
negative moment points in the curves were thus avoided. 

In reply to Mr. Trewent, ho said that some results would be given 
in an appendix which would show the comparative accuracies of several 
methods of calculation. 

With regai'd to Mr. Maclean's remarks, he said the paper was 
written chiefly to esjilain his method ; and some parts of Mr. Bamaby's 
letter had to he omitted to reduce the paper to a reasonable length. 
Bnt be thought sufficient had been given for the purpose in view. It 
was to avoid the errors mentioned that he introduced tlie method of 
calculation described in his paper. 

In reply to Mr. Heck's remarks be said that in the proposed 
method the weight of the difierent paper sections was immaterial, as 
the centres were got separately, and not as a whole, as in Mr. Bamaby's 
method, after being gummed together. Inclining ships was, to his 
knowledge, becoming almost a general thing, in some at least, of the 
yards on the Tync. He considered that half-an-honr was ample time 
for the process, at least for two inclinations. 

With regard to Mr. Mavnr's remarks, his (Mr. Long's) experience 
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of heeling exj)erimenta showed thatifauch experiments were conducted 
in a tide-way they were quite unreliable. As regards the vising of an 
approximate method instead of the correct one, he only put it forward 
to be used by persona who otherwise wonld make no stability calcnla- 
tioDS whatever. 

In reply to Mr. Taylor, ht; said tbat a paragraph in the paper 
would show him that the centre of gravity, for any _par/ic»?((r curve 
of stability, had to be taken from a hueliug experiment. His (Mr. 
Long's) oljjectiou to Mr. Burnaliy's method was, nut to the paiicr 
sections, but to the method of using them. Mr. Barniiby used them 
as isolated planes, but his {Mr. Long's; method took them as the 
sections of a solid. The centre of gravity referred to by Mr. Maclean 
on Fig. 1 was au asstimetl centre of gravity for the vessel, and had no 
reference to the centre of buoyancy. 

In reply to Mr. Hutchiuaon's question, his oi)inion was that the 
extent to which the metacentric method could be used was tbat in 
many merchant shiiis 10 degrees was rather too far to use it. 

Tiie Pbebidest said that while be must admit himself to 1* unable 
to offer any remarks on the subject that would bo worth their while 
listening to, be thought some of the statements made by Mr. Taylor 
deserved their earnest attention. There wa<? no doubt whatever that 
at present greater interest was being gi veu to the subject of stability 
than had ever liecn given to it before ; and he hofied that when ship- 
builders had agreed on some of the cardinal points, on which & 
good many of them seemed to differ, that some system of ready 
application would be devised by which the stability of kden ships 
could be more perfectly predicted. That tlie average agofl of the 
vessels uuaccoimted for in 1882 was only four years was a very preg- 
nant fact, and he hoped the Institution would take a share in calling 
greater attention to the subject, and induce the yonug members of 
their body to devise some means for the ready application of those 
rules. He considered the paper a valuable one, and emanating from 
a junior member afforded, he liojied, a good augury of what would l>e 
forthcoming in the future. He had great pleasnre in mov: 
of thanks te Mr. Long for the paper he had given them. 

The vote, was heartily accorded. 
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e foUowiDg Lotes may be ueefnl to any one wiBbin^ to pat the 

Aoi ei:|>laUied in the paper iiito practice. The water-lines at 

sit angk* and draiijjhtB, if all drawn upon the tracing of the 

Ian, make it rather confusing, and spoil it for any other purpose. 

a he avoided hy proceeding iu the following manuer; — Having 

ided npon the numU-r of water-lines, and their distance apart, rule 

Q a sheet of «hite paper, the required number of parallel lines at 

) pven distance apart, and somewhat longer than the greatest 

hdth of the body plan. Across these lines draw another set of 

—with different coloured ink — representing the relative position 

e centre line of the vessel when iieeled to the angles previouBly 

BTinined npon. It is most convenient to make these Hues all 

iate from the centre of the upper water-line. It is now only 

f to mark the position of the upper water-line on the centre 

E tracing of the body plan, and so place the tracing over the 

t this point comes upon the intersection of the radiating 

t with the upper water-line ; keeping this point in poaitiiin, turn 

) tracing round it as a centre, until the centre line of the body 

1 coincides with the radiating line for the requii'ed angle. The 

meter readings can now be taken for all the draughts ut this 

Proceeding in a similai- way for all the otiier angles, the 

e of the readings required can be got without confusion. 

b ie genei-aliy heat to take the " assumed centre of grarity" at 

e even number of feet above the top of the keel, and to ho place it 

toll the "centres" of tlie sections will be npon the same side of the 

aeai drown throngli it, 

} number of vertical seotions to be nsed depends largely upon 
1 of the vessel, but half intervals at the ends a 



I' The following examples sliow how the method compares with both 
B ordinary culunlation imd with tiie inLegratoi'. The examples have 
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been dhoflen from yety diilisrenfc tjpes of vessel, the first being a small 
vesael with fine lines and a low centre of gravitj, the second a large 
ship of considerable ftalness. In some cases the results obtained 
by this method are more correct than those got by the ordinary 
caIcii]ation> as — like the integrator — ^its accuracy is not efibcted by 
discontinuity of the surface. 



Lerer at 20 digrees 
»• 60 ^ 




SXD EXAMPLK. 


OldMalfaod. 


/^taL 


liit«fimtar. 


Approxinut- 
tion. 


2rW 


1-00' 
216' 
2-W 


o^r 

l-OSf 

o-gy 


0-89' 
1-03' 
0-80' 



The diagrams given with this paper merely show the mode of 
warkmgy and do not reiffewnt the onnres for any particular vessel. 
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FmsT Sessioi^ 1884-85. 



|,6BNER4L MEETING IN THE ASSEMBLY HALL, SUNDERLAND, 

WEDNESDAY, MARCH ISlH, 1885. 



W. BOYD, Esq., Pbmidebt, : 



I MARINE BOILER CONSTRUCTION AND PRESERVATION. 



Bt JOHN A. ROWE, 



B Prestdent of this Association, in his eloqnent inaugural address, 

poke as follows on the subject of marine boiler presaurea : — " I ventnre 

> record my opinion that the triple expansion engine, working on 

ree separate cranks, is destined to become the marine engine of the 

fctnre." " Whether ve shall find ourselves stop short with au expansion 

ft, say twelve times, as in the present triple expansion engine, with a 

vorking pressure of 150 lbs.; or whether, as may very possibly be 

Be case, we shall advance to fifteen or seventeen ratios of expansion, 

f the employment of four cylinders of increasing diameter and a 

forking pressure of 200 to 250 lbs., remains to be seen ; but before this 

1 be done, some material modification will be necessary in the boilers 

I present in use." 

Gentlemen, one of the aims of the writer is to introduce certain 
f" modifications" in the construction of boiler shells, which will allow 
r higher pressures being used with the same immunity from accident 
utt we have had in the past. Another aim is to perfect the system 
f boiler preservation, so that when we have good boilers committed 
) our care we may at once adopt reliable means to prevent them 
g and otherwise deteriorating 
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In the Trriter's opinion, the difficulty before engineers is not in I 
dealing with flat surfaces, which, by being indented, may be made 1 
stiff enough by staying to resist the highest pressures ; nor in fornaces, 
which if corrugated, will afiord the necessary strength j but rather ia 
the shell, whicii. by reason of its great diameter, will require plates of 
excessive thickness to reduce the stress per square inch of section J 
to a safe working hmit. I 

Ton need scarcely he reminded that steel has almost entirely I 
superseded iron in the construction of marine toilers. The quality of 1 
good mild steel is sueh that, with a tensile strengih of from 28 to 30 1 
tons per square inch of sectioD, ita elongation is about 20 per cenL J 
This, then, appears to be an admirable material with which Bteamfl 
boilers and steam vessels may he constnicted. Compared to arerag^fl 
iron, it is superior in strength and toughness, and so homogeiMMMM 
to admit of plates being worked into boilers without regaid3^^^| 
question of gi'ain. Owing to this quality of homogeneity, it^l^^^^l 
hable that the cii-cumfcrential seams of steel boUers are stronge^TSl^^ 
the circumferential seams of iron boilers, in the proportion of I 
28 to 19. I 

In spite, however, of its virtues, steel, like httman nature, is not I 
quite perfect. Some plates bear within them elements of self-destruc- I 
tion ; and even the best qnahty requires to be carefully treated daring I 
the process of boiler construction, otherwise it may become aeriooslj I 
injured and permanently weakened. I 

The following observations are gleanings from a very inatructiTe 1 
book, entitled, "Steel Eiperiments," issued hytheEngincerSurveyor in I 
Chief of the Board of Trade and his assistants :— Thin plates possess I 
a greater tensile value than thick ones. Flutes ^ inch thick have stood i 
a tensile stress of 3G tons, while plates 1 inch thick broke at 29j tons 
per square inch. Thick plates, with punched holes and unannealed, 
show a serious loss in strength and ductility. The section of metal 
left between rivet hntes (holes drilled) offers, when the pitch is not 
great, a higher tensile resistance per square inch than the unperforated 
plate. This singular phenomenon is probably due to the form of the I 
specimen ; the closeness of the edges of the holes to each other, by 
localizing rupture, prevents the metal between the holes drawin^J 
gradually out to a minimum area. J 
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^^^^^|p PiTCHraQ OF RiVETa. 

^^^^^^jbiother important fiict brought to light by Mr. Traill and his staff is 

^H the converse of the above, viz. : — When the pitch of the rivets becomes 
^V exoeBsive, the tensile resistance of the plnte between the rivet holes is less 
than that of the solid. This was clearly proved with plates J inch thick 
and beloB'. With plates 1 inch thick and upward it \b probable that large 
pitches may be used without reducing the strength per square inch of 
the metal between the holes below the strength of the solid plate. 
But experiments are sorely needed to demonstrate what are the limiting 

• pitches for plates of different thicknesses ; and it would, in the writer's 
opinion, be well to speak of joints not only as single, double, or treble 
. rivetted, but to give the pitch of rivets in terms of plate thickness. 
How many plate thicknesses may we with safety pitch oiu* rivets in 
plates from | inch thick up to 1 j inch ? It used to be thonght. that 
the difficulty of obtnioing a fight joint was the only objection to the 

tuse of joints hariDg a percentiige of section of from 80 to 90. Mr. 
MacColl, in 1875, thought that " the only barrier to the adoption of 
wide pitches (90 per cent, of the plate) lies in the real or supposed 
difficulty in making them tight at high pressures." It now would 
appear that another consideration, of almost equal importance, bars the 
way to the use of joints having a percentage of section much above 80. 
The problem then to solve to-day is to construct a rivetted joint with 
a percentage of section so great as to reduce an abnormal plate thick- 
ness to a hmit where good workmanship may be ensured ; to space the 

I rivets of anch a joint in a way to ensure tightness ; and to prevent 
the tensile resistance of the metal between the holes becoming less than 
the tensile resistance of the solid plat«. The writer, with some degree 
. of diffidence, intends to present methods of rivetting which, he hopes, 
will, to a large extent, fulfil the above requirements. 



PRRCENTAGB CURVB. 

e diagram of a percentage curve, which hangs upon the 



The fidi si 
wall, enables us to perceive how simple has been the task of advancing 
from 50 to 76 per cent, of section of joint. Observe how slowly the 
ordinates increase in height from 50 to GO per cent., and from 60 to 
From 70 to 80 the sweep upward is more pronounced, whilst the 
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curve from 80 to 90 Ib so abrupt aa to point to the hopelessness of the 
attempt to obtain, by ordinary methodB, a joint poBgesaed of 90 per 
cent, of seotion. The curve ia constructed in the following manner : — 
The baae line is divided into percent^ea, The vertical lines marked 
1'67, 2, 8'35, etc., are the ratios which the pitches of the rivets be» 
to the diameter of rivets ; the diameter being nnity, Thns, in a 50 
per cent, joint, the ratio or ordinate ia 2. In a 70 per cent, joint the 
ordinal* is 3'35 ; in an 80 per cent, joint 5 ; in a 90 per cent, joint 
10, and 80 on, np to infinity, for the solid plate. 

Those who have had experience in boiler designing are well a 
how difficult it is to obtain sufficient rivet section when a high per- 
centage of section is required with thick platea. A glance at the carve 
before you will explain the cause of this difficulty. Compare, for 
instance, the ordinate over 80 with that over 30. The latter ia twioe 
the height of the former ; and this means that the plate section 
90 per cent, joint ia at lejist twice the plate section of an 80 per cent. 
joint ; and, as the rivet section varies as the plate section, it folIowB 
that we require at least twice the rivet section for a 90 per cent, joint 
that we require for an 80 per cent. one. The difficulty of reaching 
from 80 to 90 per cent, may be illustrated in another way. Assuming 
that in the 80 per cent, joint we are dealing with 1 inch plates, it ia 
difficult to obtain 80 per cent, of rivet section with a 2 inch thick 
plate as it is to obtain 90 per cent, rivet section with a ] inch thick 
plate. It would be a decided gain if, with lap-jointa, the shearing 
atrength of the rivets of longitudinal seams were eqnal to the tensile 
strength of the shell plates. Perhaps with rivets in double shear it 
would not be an advantage to use rivets of such a quality, seeing that 
their bearing surface is not now too great ; and where insufficient 
bearing surface esista, it is probable the joint would yield by distortion, 
of holes and rivets long before the nominal bursting pressure 
reached. 

The writer is hopefal that the curve ofpercentages may win its way 
into favoar, for the following reasons : — It enables one to instantly 
compare jointa of different percentages ; it shows in a graphic manner 
the difficulties we are face to face with when designing high percentage 
joints ; and by the aid of snitable fbrmahe it enables us to design joints 
of given percentages that shdl be equal in plate and rivet section. 
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The current practice in drawing offices is to design a joint in the 
following manner ; — 

When P — pitch of rivets iii inches, 

d = diameter of rivets in inches, 
/ = thickness of plate in inches, 
a = area of rivets in square inches, 
M = number of rows of rivets, 

Then when d, t, and n are given, the joints are designed by the fol- 
lowing manner : — 

(1) P = f " 7 J + d when rivets are in single shear. 

(2) P= fi — 32.J } + d when rivets are in double shear. 

These forraulre enable ub to design joints equal in sections of plate 
and rivet (the rivets in donble shear being allowed Ijf times the value 
of rivets in single shear ; and the rivet section being ^ times the plate 
section), but they tell us nothing about the percenlages of sections of 
the joints. These must he discovered bj computation ; and it not 
unfrequently happens tliat when a joint is designed and computed 
the sections of joint are fiimd too low or too high, and the joint has 
to be re-designed. Now the curve before you, with the appropriate 
formulie, enables us to approach this task with scientiflo certainty; 
and when the joint is designed there is no need to compute its worth, 
seeing that the mode of construction determines it from the begianiug. 

Let R = ratio of pitch to diameter of rivet, 
t = thickness of shell plate in inches, 
n = number of rows of rivets, 
it =■ diameter of rivets in inches. 

It is required to find the diameter of rivet and pitch for any given 
percentage of joint. 

Rule for lap jointa (R — I) x t __ i 
•e45 X n ~ " / 

V And ^ X R = P 
Rule for double butt ( R-l)xf ( 

strapped joints I'l^S x n ~ ] 
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We will now apply at least one of the rules. It is required to con- 
struct a common double butt stropped joint, having a percentage of 
section of 85. The plate is j inch thick ; the number of rows of rivi 
to be four. 

{R - l)_x_/ 
1-12S X M -" 



(G-7 - IJj 
1128 X 



1 inch bare (say I inch). 



re of 



And 1" X R = 



7 = tij" pitch. 

Thus we have designed a joint which we know, without further 
calcalation, poaaesHes sections of plate and rivet of 85 per cent. : but if 
any one Hhoulii be in doubt as to the correctness of the rule, perhaps 
he will kindly run the figures out and ascertain whether the joint ia 
really what it is stated to be. Fig. 1. represents this joint; and 
carrying the eye along to Fig. 2, you may perceive how MacColt's joint 
is, or should he. constmcted, and what its worth is. 



MacColl's Joints. 
I have beard remarkable statements made concerning the value 



J 



icColl'a joint — statements which would not be surprising if coming 
from the lips of a tyro, but which are simply aatonnding when made 
by men who are supposed to be possessed of plenary inspiration on 
the subject of boiler constniction. 

Figures 1 and 2 represent the common system of rivetting. and 
MacColl's. They poascss the same plate section, the same rivet section, 
and thfir caulking jiitch inside and outside is the same, viz., 6 J inches. 
It is impossible by any system of rivetting yet put forward to conRtract 
a joint in the mode known as MacColl's, which shall possess a greater 
percentage of joint than can be oblained by the old system. MacColl's 
treble rivetted joint ia simply four rows of rivets disposed in three 
lines, and is very well Buit«d to high percentage joints. It is un- 
suited to joints much below 80 per cent., owing to the small plate 
section of the centre hue. There is this superiority in SlacCoU's 
system, the shell plat« is shorter than in the common system of 
rivetting to the extent of four diameters of rivets. The modes of 
rivetting now about to be described are methods which the writer has 
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endeavoored to perfect with the view of combining strength and tiglit- 
neaa in one and the same joint. They are referred to as the " Tyneside 
Bystera of rivetting." 

TySESIDE RlVETTINQ. 

Fig. 3 is a sketuh of an "open hutt joint." Instead of bringing 
the plates close together as in ordinary butt joints, they are left open 
a space of about fuur platc-thicknesscss. A butt strap, tittcd either 
inside or outside, is rivetted to the shell plates, and care must be taken 
to make the strap thick enough to prevent rupture tJirough the line of 
close-spaced rivets. The centre rows of rivets, A, are pitched only 
4J inches apart, and they are l^j inch diameter. The rivets of the 
outer lines are pitched 'if inches apart, and are 1 J inch diameter. The 
shell-plate is | inch thick, the strap a little over J inch, and the joint 
is S3'3 per cent. 

Comparing this with Figs. 1 and 2, we find it superior bo them in 
offering facility to secure tightness, inside and outside. On one side 
where the l/j inch rivets are pitched 4 J inches apart, this superiority 
is very pronounced. On the other side, where the 1 J inch rivets are 
pitched Gj iacfaes apart, the superiority, though small, still exists, and 
is the diHerence between the closing effect of an 1^ inch rivet and an 
1 inch one. 

In Figs. 1 and 2, the pitch inside and outside is G| inches, with an 
1 inch rivet, These joints are 85 per cent, against the Tyneside's 83'3. 
It is, however, scarcely fair to the latter to be compared with joints 
whose rivets are in double shear. The system of rivetting represented 
in Fig. 3 is offered as an improved form of lap joint. It gives tight- 
ness by the close spacing of rivets, and is circular in shape. A little 
care on the part of the boiler-maker would, one would think, enable 
him to turn out an eiccUent job with this rivetting. A common lap 
joint possessing S3-8 per cent, of section wonld, with j inch plates, 
require to have four rows of 1 1'g inch rivets pitched 9^ inches apart. 
Compare this vdth No. 3. 

The writer's next step forward is illustrated by Fig. 5. Two phiin 
(unscalloped) butt straps connect the shell plates. One stmp is wider 
than the other ; one taking two rows of rivets, the other three rows. 
The rivets are pitched as in Fig. 3 ; and the diameter of the outer vow 
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of rivets ia less than the diameter of the inner rowa. The writer 
atiaches great importance to this feature, as high percentage of plate 
section is thus rendered possible without the employment of excesaive 
pitches. 

In thia 86 per cent, joint the outer caulking pitch is only b^i inches, 
^;sinsl the 6j inches of Figs. 1 and 2 ; the inner caulking pitch is 
only 35 inches against their 6| inches. The plate is J inch, the rivets 
of lines A and B are 1 inch diameter, the rireta of line C &re J inch 
diameter. 

Fig. 4 represents the latest development of the Tyneside rivetting. 
The inner strap ia bo rivetted to the shell and the narrow butt strips 
08 to offer an easy means of producing tight workmanship hy inside 
caulking ; whilst the disposition of the outer scrips is such that, even 
though the outer rows ol rivets were spaced a foot apart, the caulking 
distance, being the vertical distance between the rivets, would always 
be reliable. This joint should suit, in an admirable manner, boilers 
with welded shell plates, if shell plates ever should be safely welded, 

In regard to this system, it may he said that the butts would 
require caulking. Well, if the butts should leak in ordinary butt joints, 
the leak finds its way to the edges or ends of the straps, and at such 
points it ia stopped by the hammer, and set. But what takes place? 
The steam or water, being enclosed, is more or less destructive, by 
eating away the inner surfaces of the straps on which the strength of 
the boiler depends ; and some engineers cannot be induced to construct 
double butt strapped boilers ; and others who have used them have 
abandoned them, because tbey fear the corrosion which at times takes 
place on the inner aurfacea of the covering straps. Now in Fig. 4, if 
a leak should show itself at the butt, it may be atopped at the butt. 
It cannot easily injure the strength of the thick outer strips. In this 
joint the inner strap and outer atrips would be about the thickness of 
the shell plates. Although Fig. 4 is designed with j inch plates, this 
peculiar system of rivetting wDl probably be found more suitable to 
thicker plates, and to welded joints. We will now pass on to the 
subject of caulking. 

CAULKnlO. 
In boilers buUt of thick plates, the evils which result from severe 
caulking have not, so far as the writer is aware, manifested themselves 
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to a BerioQH extent. In boilers with thin plates the case in different. 
The writer baa sat inside a boiier whilst aiolking proceeded outside, 
Bod has watched the effect pii)duced by a " quarter hammer" vigoronsly 
applied to the punch and seta. As the btowa descended, minute 
quantities of scale flew off the surface of the plate, and a faint 
whitish coloured line lietokened the direction of the tool. Now if in 
longitudinal seams the practice should become common in thin plated 
boilers to pitch the rivets governing the landing edges from 10 to 11 
plate thicknesses apart, the writer is of opinion that the greatest care 
will need to be exercised to prevent permanent injury being done to 
the plate underlying the lap which is being set np. Tliere is scant 
wisdom in gaining 10 per cent, of section of joint by careful work 
in the drawing office, if the practice of the boiler yard should reduce 
the value of the plate 25 per cent. ; and wide pitches are, in the 
writer's opinion, a strong inducement to the men to use the quarter 
hammer with a vigour not usually indulged in when close spaced 
rivets are m question. 

It has been said that " Corrosion follows the caulking tool," This 
may or may not be true, but assuredly there is some truth in the 
observation that the canlking tool may determine the factor of safety 
of the boiler. 

Sometime ago a small marine boiler, bnilt of | inch shell plates, 
lapped joints, for a working pressure of 30 lbs., burst at the water test 
a littlebefore twice the working pressure was reached. It rent through 
the solid plate, close to the lauding edge of outer plate, following in 
an exact direction the course of the caulking tool. A friend of the 
writer's, a moat able engineer, reported on the case as follows :— " The 
cause of the ruptui'e of the plate at so low a pressure wonld appear to 
have been due to defects in the plate. It is, however, not satisfactory 
to accept the theory off-hand, since, if it be so, it is very singular that 
the del'ects should be so local as not to extend to a line of rivet holes. 
less than one inch distant, where about 40 per cent, of the material 
was pnnched away." 

Ton see, he argued, that if the plate was of inferior qaality 
throughout it ought to have rent through the line of rivet holes, not 
through the solid plate. 

Commenting on the above report, one of the greatest living 
authorities on boiler construction wrote as tbllows : — " This boiler had tt , 
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nominal factorofMifctyofnotlessthnnT'S, hut its real vahie was under 
2 J and, so far as we know at present, this sweeping reduction of the 
factor was chiefly due to defects in the material, either original, or 
caused h^ subsequent treatment. Had its resistance heen etightly 
greater, the hydraulic test would have passed off satisractorily; and the 
boiler would, no doubt, have been plaeed on board ship, in the belief 
that it was in all respects what it appeared to be, and that it possesaed 
a factor of safety sufficient to cover all contingencies." 

Now, gentlemen, if the plate which ruptured was of the usual qaalitj, 
and had not been injured by "subsequent treatment," it would have 
possessed, through the solid where it rent, an achial factor of safety of 
7'2, inasmuch as that its value was not depreciated by mode of con- 
Btruction. Now what reduced the factor from 7"2 to a little below 2 ? 
The writer is not prepared to speak positively on this point, but 
practical boiler makers of large experience will aver that few men can 
be safely trusted to caulk the seams of boilers, Some do not 
grind the sets to the proper angle, others do not hold them at the 
proper angle, and others agaiu employ more strength than is neceasaiy 
where thin plates are concerned. 

Perhaps enough has been said on this subject ; bnt it is desirable at 
this juncture to call attention to the evils which may arise from nn- 
skillnl or severe caulking, seeing that high pressures are coming to the 
front conjointly with, relatively, thin shell plates. One of our most 
eminent members has declared that a saving of one ton in weight of 
machinery means an annual gain of £10 to the shipowner. This, of 
course, refers to fairly prosperous times. Another talented member, 
who is credited with having originated a type of triple expansion 
engine, will, no doubt, still press onward from 150 lb. pressures to 
SOO Ibe. : thus thin shell plates and high pressures seem fated to be 
nshered into use together; and it behoves each one of us to do his best 
to perfect the art of rivetting, so as to give secarity to those afloat, 
and confidence to those on shore. We will now proceed to the subject 
of boiler preservation. 

Boiler Protection. 

Probably some of you are aware that an article on boiler construc- 
tion and preservation, from the writer's pen, appeared in the April and 
May numl>era of the "Nautical Magazine" if 1«84. 'I'hc subject, 80 
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far as preservation is concerned, was treated then more fully than it 
is possible to do in the limits of this paper. More than a year, how- 
ever, has passed since the article was writtDn, and during that time 
much valuable experience has been gained on this all-important subject. 
It is a subject which, in the ivriter's opinioD, has been permitted too 
long to rest in the shadow which want of knowledge of electro-chemical 
action has thrown around [is ; and as Mr. W. H. White pleaded for 
progressive speed trials, so the writer would plead for superintending 
engineers to carefully can^y out, in concei-t, pre-arranged systems of 
preserving marine boilers from corrosion, so that after say twelve 
month's fair trial of the rival methods now in use we may be able. 
by comparing reaiUts. to dc6nitely decide which method is the best 
and cheapest. 

The internal portions of marine boilers, cylinders, slide, and cylinder 
faces, have freiiuontly been known to have been injured by the cor- 
rosive action of the acids freed by the decomposition of vegetable and 
animal oils. Xow, however, that mineral oils are generally used for 
internal lubrication, pitting and wholesale corrosion from this cause is 
seldom complained of. The chief cause of corrosion seems to be 
galvanic action. 

Oaltanic Action. 
When two plates, one electro-positive to the other, are brought into 
metallic contact, and snrrounded by an exciting or corrosive liquid, 
like acidulated nater or salt water, galvanic action immediately pi"o- 
ceeds, and the plate which is the more susceptible to corrosion wastes 
away, and to a very great extent preserves the other plates to which it 
is united. This is seen in a galvanic battery where the zinc plate is 
frequently renewed, whilst the copper remains comparatively unaffected. 
In marine boilers it ia probable that the pnrer qualities of iron and 
steel are electro-positive to plates containing larger admixtures of 
phosphoms and carbon ; and when we have in one and the same boiler 
plates rivetted together, possessing different susceptibilities to corrosion, 
it must follow that the electro-positive plate will corrode. Now for 
many years the Admiralty have protected the boilers of meuHDf-war 
by hanging inside, in the water spaces, slabs of zinc, and us zinc is 
electro-positive to the most electro-positive iron or steel plates, it 
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follows, when good metallic contact is effected, that the inner earfaces 
of the boiler are pertectly protected from corrosion, Mr. Bakewell, of 
the Admiralty, has stated recently that the boilers of the "Iris," after 
seven years' use, show no signs of wear. The "Champion's" boilers, 
after sii years' nse, show no aigns of wear. The ■' Carysfort's" boilers, 
after aii years' use, have worn ^ij inch on the shell plates and 3I, inch 
on the tube plates. Surely this speaks volumes for the efficacy of zinc. 
Bat. besidee the qnestion of prevention of corrosion, is another im- 
portant one, viz., how to remove lime deposits from the boiicr, especially 
from the heating surfaces, where their heavy accumulation may resolt 
in explosion or collapse ; and from whence they are removed only with 
great difficulty and loss of time. 

In regard to the effect produced upon lime deposits in boilers hj | 
the corrosion of zinc, the Admiralty Committee, which sat some yeara 
ago to investigate the subject of boiler corrosion, etc., reported oa 
follows: — "The hard and adherentscale which is generally found when 
zinc is fitted, appears to indicate that the presence of zinc has theef&ct 
of hardening the scale and fixing it to the iron." Since that time it is 
probable snch experience has been gained as t<i justify one in writing as 
follows : — When very weak cnrrenis of electricity are produced by the 
corrosion of zinc in a boiler, they tend to cause the scale which forms 
on the inner surfaces to adhere, just as weak currents of electricity 
promote electro-plating; but when stronger cnrrenta are established they 
prevent deposition, and loosen the hard adherent scale which for years 
has been inaccessible to scaling tools. In support of this view. Professor 
Gnthrie. in hia excellent book on electricity and magnetism, writes as , 
follows concerning the electrolysis of a weak solution of acetate of 
lead :— 

Electboltsis. 

" It is necessary that the battery power be not toe great, else the ] 
hydrogen is evolved at the negative electrode along with the lead, \ 
Offing to the simultaneous decomposition of the water in such quantity 
that it does not meet with aufficient lead in it« immediate neighbour- 
hood to reduce, and some of the gas escapes as babbles, which interfere 
with the regularity of the metallic deposit." 

Thns we have the evidence of a talented electrician that a rapid 
decomposition of water will, by the separation of the hydrogen from the 



ON ItARINE BOILER COKHTailCTIOS ANTl PIIESERVATION. 8fl 

oxygen, prevent deposit tiiking place on the aurface of the negatiTe 
electrode ; and as the iron Burfaces of the boiler are negative to the 
zinc, and the hydrogen babbles eecape vertically from the iron plates, 
it follows that zinc, efficiently employed, is not only & preservative 
against corrosion, hut un excellent agent to remove the carbonate and 
sulphate of Hrae which frequently gives so much trouble. 

I'ROTBPriON BT ZiNO. 

Several engineers who, twelve months ago, had no (aith whatever in 
the efficacy of zinc, have recently informed the writer that after twelve 
months trial they are so convinced of its great protective power that 
they wonld not abandon its use for anything. At the same time, the 
writer is aware that the claim set up that zinc will loosen lime deposits 
is one that has not always been borne out by facts. On tbis point 
the following is worth relating. About eighteen months ago the 
engineer of an establisbmeut on the 'I'yne had his attention called to 
the subject now under consideration. Under his chai^ are two land 
boilers fed by town water, and the deposit irom this water adhered so 
tenaciously to the shells and furnaces as to necessitate the employment 
of two men for the greater part of a day every fortnight. They 
experienced great difficulty in removing the scale by chipping- hammers, 
and the marks on the furnace crowns and shell sides bear witness now 
to the severity of former praotice. Willing to try so simple a plan the 
engineer fitted zinc hulls to the boilers, the zinc being attached by wires 
soldered to the nine and to the iron plates. In order to corrode the 
dnc a small qaantity of salt was periodically introduced ; and now, at 
the end of eighteen months' regular working, the engineer informs the 
writer that the scaling tools have never once been used since the intro- 
duction of zinc ; and the writer's own experience enables him to state 
that what deposit is found in the boilers when they are opened monthly 
for examination, is so soft as to be removable by one's fingers. 

It must, however, l)e confessed tliat zinc has not always exerted 
' this beneficial action, either afloat or ashore ; and the writer now begs 
to draw attention to one defect in the method of its use. We liave 
already had evidence to sho.v that a sufficiently powerful current of 
electricity will prevent deposit taking place of an adherent nature. We 
also know that to obtain a good flow of electricity there must be 
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good connection between the zinc and the iron or steel plutes ; but so 
far as the writer knows, but little attention has been paid to the con- 
dition of the zinc itself, and this is a feature which is worth cEillii^ 
attention to. 

When zinc corrodes in salt water, the oxygen of the water combining 
with the zinc forms an oxide, which at last becomes a perfect crnst 
outeidc of the suriacc which should always be accessible to the attack of 
the salt water. This crust, if not irequently removed, may hermtticaliy 
seal the zinc within, and thus, no matter how perfect the connection 
may be, the electric current ceases to flow, protection ceases, and scale 
is deposited just as if no zinc were fitted. So, if the "Titer's opinion 
were asked as to the reason why, in one set of boilers, zinc well fitted 
loosened the scale and in another set failed to do ao, he would reply 
that it was, in his opinion, due to differences between the condition of 
the crusts which formed on the surfaces of the zinc. Is there, then, 
any means by which this cntst can be kept porous or soft, so as to 
ensure constant corrosion of the enclosed metal ? 



Protection by Zinc and Soda. 

A few months ago, a superintending engineer who had no faith in 
zinc, but great faith in soda, assured the writer that the boilers under 
his care were in splendid condition, both as to absence of pitting, 
corrosion, etc., and also as to their freedom from scale. At his reqaest 
the writer surveyed the boiler of one of his vessels, and found that hia 
description of it« excellence was not overdrawn. The zinc fitted waa 
in slabs suspended from the lons^itudinal stays, and the quantity of soda 
osed was 2 lb. per day per ton of coal consiimeil. The boilers are said 
to run for voyages extending from 40 to 45 days, soda Iwing introduced 
daily (carbonate of soda), and the scmn cock only being used occasionally 
to remove the froth from the surface of the water. The blow-off cock ia 
seldom touched. Asked as to density of wntt-r at the end of so long a 
voyage, it wiis stated to be sometimes over 3^; and seeing that the 
writer was interested in the subject, a bottle of boiler water was sent 
to his honse for the purpose of chemical analysis. Instead, howerer, of 
endeavonriog to aniilyse the solid ingredients it contained, the writer 
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conatrocted two Bmall galvanic batteries for the purpose of ascertaining 
what difference, if any, was made upon the positive and negative plates 
by the boiler water, ^J strong, composed of salt water and soda, and 
by water rendered ^ strong by the addition of common salt. 

After they had been in operation about a month they were examined, 
and the following notes were recorded by the writer : — "The copper 
and zinc plates of salt water battery encnisted above water by a 
slightly- adhesive white-looking scale, which the application of red 
litmus paper proves to be an alkali — soda in fact. The iinder-water 
portions of the plates somewhat discoloured, the zinc looking as if an 
oxide were forming on its snrfitces. 

"The copper and zinc plates of boiler-water battery have slight, 
white, feathery-looking deposit upon them, above the water-line. A 
breath removes this deposit. Below water the plates are as clean as 
the day they were put in. Red litmns paper proves the deposit to be 
alkaline." 

These experiments, though conducted on a small scale, were 
thought by the writer to be of considerable value. However, the 
theory of protection by soda and zinc was tested on a large scale in 
the Tyneside establishment already referred to. For two months, two 
boilers side by side were worked, one with soda solution and zinc, the 
other with salt solution and zinc. The oxide nri>and the zinc in the 
first-named boiler was found to be easily removable by hand; it 
crumbled away under the fingers. At the same time, the deposit was 
found to be in the condition of soft powder. The oxide around the 
zinc in the second boiler wns harder, and was removed with greater 
difficulty ; but the deposit was, to all appearances, as soft in the one 
boiler as in the other. The Iwiiler in whit-h soda was used was much 
whiter than the other. This, no doubt, was caused by the formation 
of carbonate of lime, the carbon of the soda uniting with the lime to 
form chalk, whilst the sulphur of the lime combined with the soda to 
form sulphate of soda, a soluble salt. This conversion of sulphate of 
lime into carbonate of lime by the use of washing soda is a most 
desirable process in marine boilers, as the latter salt is much more 
easily removed than the former. Thus, so far as two months' test is 
concerned, the theory deduced from observing the action of the two 
small galvanic batteries, appears to be sustained ; but a few months 
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will settle all doubts on the subject, as the two boilers are daily at woi 
side by aide, one having a small quantity of soda weekly iatrodnce 
the other a small quantity of salt. 

pROTBoriON BT DrsAMo Electricity. 
There yet remains a method which osperiment may prove the h 
and cheapest for large Eteamers. It is this : — By simple and euitatj 
machinery connected with the main engines (machinery the nTiterl 
designing) a feeble current of eleutricity may be sent through 
whole of the boilers during the time the engines are at work. Inaq 
jated wires should be introduced at oppoaitfi ends of the boilers, beloi 
the water-line; and as, in order to complete the circuit, the current a 
electricity would have to flow through the water, a sufficient qnantiH 
of hydrogen would bo set free to cover the inner surfaces of the boila 
with a protective film, and prevent scale deposits or corrosion taking 
place. One wire should be fastened to the boiler shell, the otl 
wire to a mass of zinc ; and, in the writor'a opinion, it would 1 
preferable to fit the line outfiidtf the boiler in a small vessel ( 
atructed on purpose to receive it. This vessel should be attached t 
the boiler by menus of a cock or valve, which should usually be op« 
but which could be closed at will, so as to admit of an examination a 
cleansing of the z'mc at any moment. Tin's arraugement sc< 
desirable, having ref^rd to the fact that some superintending enginec 
vrho have approached this question of zinc protection, etc., in a candi 
frame of mind, and liuve tested the scheme in several veesels, havf 
nevertheless, aft«r several long trips, abandoned the use of zino b 
because, they say, they have facilitated tlie adherence of scale rath 
than loosened it. The writer is unwilling to dispute their experienof 
but he hopes that this paper will be the moans of explaining how zin 
may be used in a way that will give every satisfaction. If zij 
connected to tbe iron surfaces, and its own surface he kept pervious fa 
the attack of tbe corroding liquid, it will, in the writer's opinion, i 
effective both in removing scale and preserving the boiler from o 
rosion. Zinc in any form will answer the puq>osej hut the pnre 
giutlili/ should be used, otherwise a local galvanic action in tbe zim 
itself will be set up, which will form around it an oiide negative ( 
itself, and thus rob tbe boiler of the protection it stands in need of. 
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Mr. PATTERaoH said that Mr. Rowe had succeeded in bringing 
before them some very interesting points in boiler constniction. Mr, 
Etiwe seemed to have made a very good joint, and he had also Ghown 
them very clearly the nature of the joint called MocColi'e, as it was 
usually constructed, and as Mr. Eowe had depicted it in Fig. 2, It was 
simply a common joint with double butt straps and four rows of 
rivets. If they compared that joint with the j'oint in diagram Fig, 5, 
it showed a 6| pitch both iuaide and outside, as against 5J5 pitch on 
the outside and 3| on the inside, in the case of the Tyneside joint, 
which was considerably against MacColl's joint, and a very important 
point in favour of Mr. Rowe's, However, Mr. Rowe has hardly 
done MacCoU'a joint sufficient justice, for it is evident that with 
a filed diameter of rivet, the pitch for any percentage of plate 
will be the same in MacColl's joint as the pitch of the outer 
row in the Tyneside joint. He had had occasion to design several 
of these joints, and was very well satisfied with them. With regard to 
Figs, 8and4, they might be very good joints, but he could not say much 
about them from eiperience. Perhaps some other of the gentlemen 
present might be able to explain their qualities, Mr. Rowe gave them a 
formula which he thought would be very useful in designing a joint. 
Until that morning he thought the formulie were quite new, but he dis- 
covered that morning that the same formulas were contained in Mr. 
Foley's book in a different shape. Mr. Rowe had mentioned in his paper 
how desirable it would he lo obtain rivets equal in shearing strength to 
the tensile strength of the shell plates. He saw no reason why the steel 
manufecturers could not supply them with such, withont sacrificing 
the elasticity of the material. Perhaps Mr. Rowe would give them 
his opinion upon that subject. He wished t<i draw attention to one 
point in connection with the preservation of boilers that Mr. Rowe 
had not touched upfm. He referred to the difference of temperature 
between the top and l>ottom of a boiler, more especially when steam 
was being raised. This source of decay was said to be overcome by 
the introduction of the hydrokineter. When he was in Sweden, a few 
weeks ago, he saw a ('ery much simpler contrivance, which answered 
the same purpose. It was simply a propeller placed in the water at 
the bottom of the boiler; the shaft, passing through a stuffing bo.t 
in the front end of the boiler, was worked by the fireman, and thus 



90 



DIBCUaSION — MARtNS BOILER CONST ROCTIOH. 




kept the water circulating while Bteam was bcinp raised. The following 
particuloTB were from a pamphlet pnbltBhed by the patentee ; the 
degrees given being degrees contigrado. A boiler fitted with the 
patent propeller began to raise steam at 9'15 in the morning, and 
the following are the results : — 





WuhoDT PATIKT PBoriLLIK. 


T.™. 


T™,Kr|rt«« 


'Hsr^ 


- r-sw" 


'srar- 


8-16 
880 
9« 
MM) 
1016 
10-30 
10-45 
11-0 
ll-« 


12 

20 
38 
50 
67 
80 

9S 


8 
8 
22 
SS 
51 
68 
83 
96 
98 


8-30 
90 


9 

17 


6 
6 



The temperatnre remained nt B degrees at the bottom, while the top 
increased from 17 to 48, 74, 90, 92, 97, 97, and 97 at 10-45. He 
thought that clearly showed that the use of the patent pi-opeller served 
a very good end. He would also like Mr, Rowo to explain to him how 
he would apply bis formula iu deslguing a joint of the class shown 
in Fig. 5. 

Mr. McKat said they were all very much indebted to Mr. Rowe 
for hia very able and instructive paper, He had seen the joint designed 
by Mr, Eowe, and he waH sure it would work its way into notice and 
actual practice. At the present time they had quite a battle of jointa, 
and it was possible that a new joint would rise up and eclipse Mr. 
Rowe's, Mr, Rowe had touched on the subject of decay in marine 
boilers, and from what he could gather ho (Mr. Rowe) filed on gal- 
vanic action as the chief cause of decay. He quite agreed with 
him i he had always considered galvanic action to be the great cause 
of decay iu the internal parts of marine boitcre. As to the use of ziuc 
in boilers, there were eugineere who had had experience of it and had 
found no benefit therefrom. Any person who had constructed a gal- 
vanic lattery, howe\er simple, would know that if a very small particle 
of grease, or anything of that nature, formed at the point of contact of 
the two metals, it would instantly cause the current to cease. And in 
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r applying zinc to marine boilers, the failure to find benefit from the nse 
of the zinc was, he considered, due to the inefficient way in which it was 
attached to the boiler. Tlie question mif[ht be asked^Why does the 
Kinc decay, even if metallic contact with the boiler be broken ? He 
had Chonght this over. This decay, he thought, was due, in a great 
measure, to local action, and to the prcRence of brass or copper tubes 
in the surface condenser ; the zinc of commerce containinp; iron and 
other metala negative to itself. Indeed, the reason why rolled zinc is 
preferable is, that the adulterated article cannot be rolled out with 
success. They knew that in connecting a galvanic pair — zinc and 
copper for instance — they had a very strong current set up for a short 
time, and then it nearly ceased altogether, on account of the surfece of 
the copper becoming clogged. Of course they knew that when zinc 

iftnd copper were put into a tumbler with a little acidulated wat«r — 
common salt and water or dilute sulphuric acid— there was a galvanic 
current instantly set up. The zinc, being the positive metal, decayed. 
There was no galvanic action without decay. The zinc decayed and 
the water was decomposed ; the zinc took oxygen and formed oxide of 
sine, and the hydrogen was liberated from the surface of the copper, 
which, as he said, soon became clogged, and the circuit nearly ceased, 
or at least became very feeble. If, instead of iron and copper, they 
substituted a plate of silver, or what they called platinised silver, 
which liberated the hydrogen with greater rapidity from the smaU 
atoms or points of the platinum, a battery of greater power and 
certainty would be obtained. Waa it not possible that t!ie atoms 
of brass carried from the condenser tubes, and mingling with the 
water, acted as the platinised silver did. even though the zinc 
waa not in metallic contact with the boiler ? Mr. Eowe spoke of 
a Tyneside firm which had been successful in the introduction of 
rinc into boilers, and mentioned that the wires were soldered to the 

tiron. In that case they had perfect metallic contact ; and so long as 
that remained, he believed the zinc would be of use ; and for this 
reason, that they had the zinc as a positive pole and the boiler shell as 
a negative pole. The zinc took its own place as in the battery, and 
the boiler shell became the negative pole, as the copper, or iron, or 
platinised silver. The hydrogen would be liberatetl on the surface of 
the Ixiiler jilate, and email bubbles of hydrogen would be continually 
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rising, thus preventing the Bcale from adhering to it. An engineer in 
the service of the P. and 0. Comiiany hud told him that when in India 
he liad a set of iuterual feed-pipes fitted tu one of his boilers ; these, 
from lack of other mattTial, were made of zinc. On tiie way home the 
old boiler behaved itself admirably, on account of these pipes having 
been fitted ; but on the boiler being surveyed uo reaching England, 
only the stumps of tlie pipes were foond remaining. Mr. Rowe spoke 
of two plales of different natures being rivetted together, setting up a 
galvanic current. Mr. Rowe did not require tu get two plates for that. 
If he took a steel plate, and punched a piece from one comer, a piece 
from the opposite comer, and a piece from the middle, on testing them 
with the galvanometer he would probably find one corner negative to 
the other corner, and both coruers negative to the middle. There wag 
another source of electricity in connection with boilers, discovered by 
Sir W, Armstrong forty years ago. They knew that when anew loco- 
motive went for the first run, there was generaUy a good deal of trouble 
onaccount of priming ; and to cure this ^speaking of twenty years ago), 
the custom was to run it into a shed and blow the water off, and then 
clean out the boiler with soda and water, and it was generally all right 
ever afterwards. To save that bother, they used, when tlie steam test 
was over, to open the scum and gauge-cocks, and let the grease run oflF 
the surface of the water before the boiler was put on the frame. At 
the same time they used to try an experiment in electricity. When, 
under ceitaiu conditions, steam ifisues &om an orifice, there was, as 
they all knew, a shower of electric sparks. In blowing off the grease 
he used to observe a curious phenomenon. Before the scum ajid 
gauge-cocks were opened, the steam was positive, and the boiler nega- 
tive 1 but as soon as the oil was blown off the conditions were entirely 
changed ; instead of the steam being positive and the boiler negative, 
the boiler was positive and the steam negative. He would only, in 
conclnaion, mention a circumstance which happened on board H.M.S. 
" Vanguard." One of the engineers on board the vessel told him of this 
circumstance, whicli tiiey had not been able to find a reason for. It was 
the engineer's duty to see the stop-valves screwed down; and on one 
occasion, just afler screwing one of them down, the casing burst like a 
shell. The valve case seemed strong enough, and uo one oould account 
for the accident. There was no zinc in these old-fashioned boilers ; but 
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rtbe steam, owing to excessive heat through RnperhBatiiip:, would become 
decomposed. The hydro^n, beiog a hght gaa, would cotne into the 
upper part of the valre case, probably charged with atmospheric air 
from the water, and, if ignited, would cause the explosion. Might 
it not have been that a spark from the electricity generated by the 

IBteam, had ignited the mixed gases in the casing and caused the 
.explosion ? Perhaps Mr. Rowe would give them his opinion on the 
BDbject ? 
Mr, W. A. CBiWFOED said he would like to ask Mr. Rowe, whether 
it had been clearly provw! that thin plates possessed a greater t«nsile 
value than thick ones, and that the section oC metal left between rivet 
holes (boles drilled) offers, when tlie pitch is not great, a higher tensile 
resistance, and when the pitch is great, a less tensile resistance per 
unit of area than the unperforated plate, or whether the results given 
might not be accounted for by the method of conducting the experi- 
ments. If the statement that thin plaies are stronger than thick ones 
were read "plates of small section are stronger than plates of large 
section," then the remarkable statement about the sections between the 
rivet holes would be accounted for. If the Board of Trade had made 
experiments on the subject he had seen no publication of them. Some 
time ago (1879-80), when experimenting for Sir Wm. Thompson, a 
number of interesting facts were deduced from a scries of experiments 
with wires of different metals placed under tensile stress. Fur instance, 
these wures, made of soft iron, stretched, with about 40 11)8., 15 ptTcent. 
When the weight had been allowed to hang for about a week it waa 
increased, and the wire eventually bi-oke at 50 lbs. He might say the 
tensile value of the iron was about 40 IIb. They tried several of these 
■wires, and one of them waa allowed to remain under stress for nearly 
six months, and increased 5ii per cent, in tensiie strength, so that it 
was pretty clearly proved that soft iron, slightly strained in the 
direction of breaking, became stronger. It had been said that with 
boilers of higher pressures (loO lbs.), it waa dangerous and prejudicial 
to test them by cold wai*r to a pressure of 200 or 300 lbs. ; but the 
result of the above experiments would show it to be really beneficial to 
a boiler to t^t it to a very high pressure. 

Mr. Jameb J. Pkarsos said that before coming there he had an 
opportunity of reading Mr. Rowe's puper, and had made one or two 
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notes of his own persona! ]>raclice in relation to zinc, covering in aH 
about twenty new boilers. Thnt Einc plates did protect snch met«]$' 
aa were electro-negative to them, when immersed in the same exciting 
medium, few wonld doubt. The questiou at issue seemed to him b 
resolve itself into the amount of protection, and length of time fop 
which such protection was afforded ; in other words, could they depen& 
on this protection being continuous for a given time, or mast thoj 
rely on the old practice of a protective bobIc? His own experience' 
waa in favour of nine alone, when placed In proper amounts in a new 
boiler. It also went to show that no two boilers, however cqnal th^ 
working conditions, consamed equal amouuts of zinc in cqnal tin 
The nsual pnuitice was to suspend ziac plates of sncli dimensions that 
the term " slab" would be an apter name. Given that these were han^ 
in the usual manner in the spaces between the nests of tubes, and that 
the boiler had been under steam for say 30 days. The engineeC' 
inspecting would likely had such plates as were in plae« very mudi- 
warped, and with a surfece protected by a thick friable corrnsoatioiv. 
which he would recognise in part as oxide of zinc, coated with certain 
insoluble precipitates foimd in sea water. On breaking the plate, and 
examining the section, two-thirds of its thickness would be found 
oxidated with a completeness that varied nith the depth. The centra 
would be very Httle worse than when the entire plate was first immersed^ 
bub, as examined from centre to side, the action showed to have penfr- 
trated freely for the first j\ inch, the next -^ inch with more difficulty, 
and so on — the difficulty increasing with the distance penetrated— 
After the e.xposed surface of a plate was once oxidised to the depth ot 
eay J inch, this oxidated layer became protective to that munediatelj 
below it. Now the question was, what thickness of oxidated coating 
was required to render the ordinary commerciul zinc electro-n^ative 
to iron? Suppose the plate be 1^ inches thick, and that the action 
penetrated J inch on each side, leaving ^ inch of unoxidised zinc in 
the centre, the ^ inch on each side conld only be penetrated by a eerie* 
of increased efforts proportioned to the increased difficulty — at h 
there was a balance — and then the increasing resistance of the thicken- 
ing layer of various oxides reached a point thnt was virtually electro- 
negative to iron, and oxidation was accordingly set up elsewhere. 
Now this happened before all the zinc was oxidised for the centre layer . 
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Still enBted, but bo thickly encrnated as to be utterly UBeleBS. Acting 
on this idea, he some time ago had plates c&st ^ inch thick, 36 
inches long, and of a breadth that would just permit their passage 
through the manhole. These were hung in the tube spaccB by hangers 
secured to the stays, and at the end of a ii> days' pasgage, about 6 
sqoare inches of plate remained. The boiler was in capital condition, 
and without a sign of corrosion. The quantity of zinc which he had 
found in practice to give beat results was from 40 to 72 square inches for 
every ton of water the boiler contained, at mean working level, this to 
last a 30 days' passage. There was one matter which seemed to Lira to 
be worthy of their special attention, and that was the unequal behavioor 
and state of boilers supposed when built to be duplicatcB, and submitted 
when working to conditions which were practically identical. When two 
metals were immersed in a slightly acidulous liquid, a simple voltaic 
couple was formed, which only required electrical contact to become 
closed, Immediately on this taking place, one metal became a positive 
electrode, and oxidated at a rate proportional to the conditions. The 
fact that varying qualities of iron were used in the construction of a 
boiler, no doubt, accounted for a certain amoDut of galvanic action. 
But, in the duplicate pair in question, the quality, quantity, and 
position of the different brands were approiimateiy equal, hence any 
action occurring in one from this cause would also occur approximately 
in the other. It was a matter of common knowledge that when a ship 
was bnilt she became a magnet, more or less permanent, at an angle 
corresponding with the magnetic angles of inclination of the place of 
manufiicture. In the construction of a boiler, the position in which 
it was lying when each plate was rivetted up would determine the 
magnetic axis of that plate. If of atcel, the magnetism thus induced 
would be more permanent than with iron, in virtue of its coercive 
I force. Suppose a boiler, each of whose plates was a magnet in one or 
I other direction, the result would be a magnetic battery which, as in the 
I case of Siemens' armature and Clarke's apparatus, would set up 
I currents of induced electricity to and from electrodes of different 
I names. In other words, this condition of the boiler would make 
certain parts of itself electro-positive to certain other parts. Both of 
these would be in electrical contact, and both immersed in acidulated 
, liquid. The couditiuna imder which the most rapid oxidation of the 
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positive electrode would result were here fulfiUed, This hjpothei 
seemed to him to explain aeveral anomalies, snch aa the facility widj 
which one hoiler, in a pair of alleged duplicates, would Cake a 6 
while the other rusted -, that one retjuired 80 per cent, more zinc b 
keep it in condition than did the other ; and so on, ad libitum. 

Mr. IfiWiN spoke of the transverse strength of steel plat«B as 
present used, compared with that of the iron plates they had at a 
time to work with. He also referred to what he considered the on- 
necessary restriction that is placed upon boiler makers by the Board of J 
Trade, in addinsc to the factor of safety if the longitudinal seams <rf J 
steel boilers are not crossed. 

Mr, Wu. Clark said he was very pleased to have heard so i 
stmctive a paper, and one with bo much novelty in it. He e 
with Mr. McKay that the joint which Mr. Eowe had brooght befors 
Chem was one which offered very great advantages indeed in dealing 1 
with the higher pressures now coming into use, as to meet those \ 
pressures they were all striving to get in the joints the greatert I 
practical percentage of strength of the solid plate. At the same time, ! 
he hardly thought that Mr. Rowe gave MacCoH's joint all the advant- j 
age it might possibly have, for, by scalloping tbe butt straps, tha I 
canlking pilch might be reduced from 6 J in., as shown in the diagTami'. 
to the diagonal distance between the centres of the rivets in the oute 
and second row of rivets. While speaking of rivetting, he thongU 
the manufacturer of Iwilers in this country had a very fair grievaiK 
to make against both Lloyds and the Board of Trade. The amoum a 
trouble they bad to take when designing their joints, in order to n 
them fit the rules of bolh parties, was unuocessary. Re would be soft 
if he for a moment ruffled the feelings of the representatives of Lloydl 
who were present ; hut they always got on so well together that th( 
was not much fear ol' that. He, therefore, ventured to say, and t 
thought most of them would agree with him, that Lloyd's ralea witi 
respect to the strength of the rivets were not all they jwssibly miglil 
be. He suggested that if they could bring their rules into harmoiii 
with those of the Board of Trade, so that to satisfy one woald be I 
satisfy the other, it would be a very great advantage. It w 
rarely they had a paper read on boiler construction with steel plal« 
but that gre-at care wni: urged in the m»nipulatl"n of the plates, < 
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the proceaa of conatrnction they niiglit liecome injured or permanently 
weakened. One of the misfortnnea connected with the use of steel 
pktea IB that we are very rarely able to ascertain what the real cause 
of the failare of a plate is ; but he was pretty sure of this, there could 
never be any difficulty in assigning some reason for it ia the treat- 
ment which he maintained a boiler-plate necessarily received before it 
left the boiler yard. They knew tliere was no abBolute precision about 
boiler work which is finished oB' the hammor. In order then to avoid 
the failure of plates when used for boiltra of the present type, they 
must look to the manufacturers to improve the steel plates, and not to 
the boiter-makcr. He bad frequently heard of fracturea of plates 
being attributed to their treatment in the boiler-yard, but he had 
never before h«ard of the fact of caulking a plate having destroyed 
that plate. It was not exactly so stAtcd iu the (laper they liad just 
heard read, hut the strongest possible Biisijiciou was cast upon the 
canlking for having destroyed the quality of a | inch boiler-p!at«. 
Was it likely, he asked, that rivettera and caulkers, and others in 
the marine boiler trade were so ignorant as to have caused such a 
dam^e from caulking ? If they looked at the constant monotony 
of the caulker, who was performing his avocation and repeating hia 
simple method of caulking day by day, week by week, month by 
month, it was rather too ranch for them to believo that he could be so 
ignorant of so simple an art as actually to destroy a plate. He-shoold 
think that in that case everj-thing pointed to the feet that the landing 
edge of the plate had been hi'oken in the setting of the landing edge 
to meet the regular curve of the diameter of the boiler. There might 
be many reasons for it ; but anything rather than the caulking, 
certainly; and it was most probably due to the quality of the material. 
The landing edges formed a very important factor in the strength of a 
longitudinal joint ; not only that, but also formed a very important fac- 
tor in the possible tightness of that joint. He be!ie\'ed that it was not 
quite uncommon in some boiler-yards to trust to the rivetting machine 
entirely the bringing the plates together into something like the proper 
curve of the boiler. But there was no doubt it would be a very much 
better plan indted to have their rolls so arranged that the fised curve 
could be carriedright up to the edge of t!ie plate. He might say that 
he had been supplied with a machine whicii he had every cunfideuce 
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would effect that pnrpose. In fiict. the plate when it waa i 
through the rolJa, would have a continuoua curvature from one e 
the plate to the other. He should only like to say, in i 
meaus of circulating the water in the boiler, which Mr. Patteraon sair I 
abroad, that he would not like to be the lireman who had to circnlata I 
water in a boiler carrying twenty or thirty tons of water. 

The President said, before asking Mr. Rowe to reply, he would I 
like to make a few remarks, They ought to ask themKelvea what v 
the object they had to aim at in all these theories and different propcff- 4 
tiona of joints that had been brought b[?fore them tliat night. The T 
answer to that question was, obvioiislr, that it was to make the plata i 
as thin as possible, by means of obtaining a high percentage joint, bo 1 
that the thickness of plate should be increased as little as possible to J 
compensate for the amount by which the strength of the joint fell short J 
of the strength of the solid plnie. Now, that being the case, they moat, \ 
he thought, guard themselves against thediinger, which possibly mighkl 
exist, of trying too much to obtain a high percentage of joint, and raa J 
the risk of using a joint which it might he difficult in practice to k 
tight. He thought the question <>f the tightness of a joint, not only is t 
its immediate construction in the boiler-shop, hut in the life of the boila ] 
hereafter, was one which required to Ix; very carefully watclied and I 
guarded against. With that view, he was soiTy he could not endot 
Mr. Rowe's approval of design in Fig. 4. He thought the butts n 
be very liable to leak, owing t<i ihc expansion and contraction of tl 
boiler, and when once a leak commenced it would be very difficult b 
get it tight again. If the inside caulking gave way the water woulciV 
pass along between the butt strap and the shell plate, and out tlirough. I 
the joining. Tiierc was one subject in connection with the whote 
system of rivetting that had not been touched upon that evening, 1 
which waa well known to Mr. Clark and to many others who had mat 
the practical construction of marine boilers their study. That « 
system of plate closing the joint by which the rivet was held U 
by one system of pre!«are, and the head of the rivet closed by a 
and independent prtssure. These two pressures might afterwards fa 
combined, so that the double pressure held both the plate and the rirt 
together. This was not in operation in many places; but he 
with regard to the very hiffh pri'Ssures coming into use. it w 
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the most importaol things that had been brought forward ; so that, in 
, the autual process of rivetticig, before the rivet kub itself closed, the 
I plates might be actually held together by a pressure of gomething like 
[ twenty-five or thirty tons, preventing them from moving. 
I Mr. Wali.ad said, with rcfureiicf to the application of zinc to 
I boilers, some boilers gave as good results without zinc as with. He 
I believed that by the circulation of water the effect of galvanic actioD 
P waa entirely avoided. He instanced a boiler which liad'been actually 
I condemned on account of corrusion, but which, after it had been fitted 
L with circulating tubes, lasted for many years. He thought the question 
[ of circulating the water was a very important one. If the feed water 

was projierly distributed, a proper circulation tiwk place, and there 
I was no danger whatever, so fur as be conld learn. Zinc had been 
' before the engineers for many years, but someiiow or other had not 
[ been generally adopted. 

I Mr. RowE, in replying to the remarks that hud been made concern- 
I ing his paper, said he very much regretted that so little had l)een said 
I on the subject of rivetUng. He would endeavonr, in the few minates 
I at his disposal, to reply to a iew of the questions asked. First, as to 
[ the statement that Mr. Foley had anticipated him in the formulre for 
I rivettcd joints associated with the percentage curve. Although he 
I knew that Mr. Foley had compiled a valuable series of tables for boiler 
I designing, he was not aware that he had dntwn up formuli» such as 
[ those ill question. He wonld be glad to see Mr. Foley's formula to 
I compare them with his own. In his eipcrieiicc, no system of joint 
1 designing was in use on the Tyne except the one referred to in his 
I paper. Mr. Patterson asked him to explain how to design Fig. 5 type 
L of joint. He thought ifdraughtsmen would only once use the formulte 
L they would be surprised at the ease with which MacColl's and the 
f common type of joint could be designed. Ft was a iittle more diflioult 
I to design Fig. 5. He would explain. Assnme the joint to Im 85 per 
I oent. By experience he had found that the addition of the ^mU-r row 
pof rivets in single shear cimverled a double rivetwd, double batt 
I strapped joinl nf about 75 Xiet cent, into a treble rivetted joint of 
[ about 85 per cent. Therefore, begin by designing a 75 per cent, joint 
I with two rows of rivets in dt>uble shear. Having done that, and 
I obtained liie ihanitter :iud pitob of rivets, the novel fcatnre of the 



IflO DIfiCUSSiOK — MARINE BOII,En COSaTHUCTIOS. 

joint ia obtaineiJ by pitching the outer row of rivets one and a ha] 
times the inner rows, nnd reducing the diameter of rivets of outer r 
to a mean between the plate thicknesa and the diameter of the riveta 
of centre rows. Of course a little experience would be n<'oessarT t 
design off-hand the most economieat joint; but Mr. Patterson was a 
expert as he himself in designing this form of joint, and probably asked'l 
the question more for bis colleagues' sakes than his own. He had alsOH 
been asked locxplain the meaning of obtaining a saving in the thick-f 
nesB of shell plates by employing riveis whose Bhcaring resistanoaJ 
should be equal to the tensile resistance of the plate to which they wer« ■ 
attached. They knew they had, when designing a joint to pass the I 
Board of Trade, to increase the rivet section beyond the plate sectins \ 
in the ratio of 28 to 2a. Tiiia was becanae the rivet strength was f 
only jii of the plate strength. If, then, they increased the shearing ' 
resistance of the rivet to 28 tons, they conid employ a rivet of -9 inch i 
diameter where they now employed a rivet of I inch diameter ; and 
taking a 75 per cent, joint as a standard of reference, a saving of S-J! j 
per cent, would be effected in the thickne*a of the shell plates. So, by I 
the use of a superior quality of rivet steel, the same Iwnefit could be I 
gained as by the nse of shell plates of 29 tons tensile strength instead 4 
of 2ft tons. Of course it might be said— Can yon get steel of that I 
quality? Well, Mr. Smith, the conrteous Manager of the Weardalelpott [ 
Works, made, some little time ago. a batch of rivets in order to test this il 
very question ; and he found that with steel possessed of about SS tons 1 
tensile strength, its shearing resistance was about 28 tons. He himself 1 
saw a few rivets tested and could thns confirm Mr. Smith's statement. 
Mr. Crawford, whose observations he did not cleai'ly hear, made some 
remarks concerning thin plates. He apparently doubted the statement 
that thin plates possessed' greater tensile resistance than thick ones. 
For bimself, he had no doubt on the subject. There was more work pat 
into a thin pkte than into a thick one ; and work put into a plate meant 
strength. This, in a measure, had been illustrated by Mr. Crawford 
himself. If they suspended weights to the ends of a wire, and stretched 
the wire, the work put into the wire refllly increased its strength. He 
would offer Mr. Crawford a Iwok, which he could read for himself, 
where the facts were stated that he had quoted. Mr. Patterson had 
very properly pointed out, it was possible to construct n MacCoII's 
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r Joint which, whilst of the same percental as the Tyneside joint 
(Fig. 5), ahonld also have the same external pitch. The fact was. the 
Bteps followed hj hira in hia paper were these. He first designed a 
common quadruple rivetted joint (Fig. 1). From Fifj. 1, MacColl'B 
joint (Fig. 2) was derived ; and, having these, he gave himself the task 
of designing the best possible Tyneside joint ( Fig, 51 to compare with 
them. However, having given MacOoll'a system every good point it 
is possible to advance in its favour, it is still inferior to the Tyneside 
in this — it lacks the Tyneside's distinguish log feature of close spaced 
rivela governing the landing edges of the inside caulking pitch. Now, 
^^ as to Lloyd's surveyors and Board of Trade surveyors, perhaps, lite 
^H other people, they occasionally required a little stirring up. So far as 
^1 concerned the difficulty of complying with the regulations of both, he 
^M cordially endorsed the views of the gentlemen who had spoken on the 
^^ subject. But how was the difjiculty to be overcome ? As a Boird 
^H of Trade surveyor, he suggested that gentlemen in high positions in 
^M that and other neighbourhoods should solicit Lloyd's department to so 
^H modify their regulations, as to make them harmonise with those of the 
^V Board of Trade ; and he had no doubt but that Mr. Parker, with the 
graciousness and tact for which he was so remarkable, would, in a 
generous way, respond to the invitation, and alter his rules accordingly. 
He hoped this would be done, and he ventured to say the profession 
would be all the better for it. 

Tlie PBEstDENT proposed a vote of thanks to Mr. Rowe for his 
paper, which was carried hy acclamation. 



The following communication was received from Mr. Henry R. 
Procter, F.C.S., dated I7th March, ]ft85:— 

I regret that I shall be unable to avail myself of your kind invita- 
tion to attend the meeting of your Institute to-morrow. I have read 
the latter part of Mr. Eowe's paper with much interest, and there is no 
doubt he is right as to the great importance of keeping the zinc clean 
and securing good metallic contact with the boiler. A simple way of 
doing this would be to cast the zinc plate or ballona clean "galvanized" 
iron rod. one end of which would be brought through the boiler shell 
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and secured with a check-nut. This cater end aoalil then be filed 
clean and connected by u copper or iron ali-a]) witli any convetiienfrl 
part of the boiler. Soldering or Iwlting insu/p the boiler will jirobabljr 1 
become oiidised and unreliable. 

1 do not know if the effect of amalgamating the eurlHce of the ZIHB 1 
has been tried. It is very efficient in batteries in keeping the zinit T 
clean and preventing waste from local action. The zine is eleaned'l 
with a little dilute sulphuric .acid and mercury rubbed over it with a, f 
brush. Mercury baa no injuriouR effort on iron or steel. The coat 
is trifling. Tlie action of soda on the zinc is interesting, and quite in 
accordance with scientific observation. In Bennett's battery cauatic 
Boda IB used iuBtead of an acidos exciting fluid, zinc oxide uniting irith 
a strong base like soda like a weak acid. 

In land boilers the use of chemicals to precipitate lime is generally 1 
fonad very costly from the quantity of water rerjaired ; but it is worth. | 
inquiry whether, with suri'ace condensers, it would not pay to purify 1 
the water by chemic^ils and flltration before admission to the boiler^ ' 
and BO prevent scale altogether. This can be done by caustic Hoda, 
or mixtures of soda carbonate and quicklime, at a very moderate oost^ 
and I cannot but think that engineers could readily overcome the 
mechanical difficulties. 

Mr. Rowe's plan of preventing adherent incrustation by electrici^, 
supplied by a dynamo is no doubt practicable, and the slight evolution 
of gas would increase the production of steam, but I do nut know if any 
inconvenience would arise from the a'hnixture of a combustible gu- J 
with the steam. 



The following commnnicatiou was received fi'ora Mr. Hector 
MacColl, dated 23rd March, 1S85:— 

] heartily concur with the view of your Tresident. that, beforeJ 
working pressures of 200 tu I'.'iO lbs. can be employed, " some materi 
modification will be necessary in the boilers at present in use;" 
standing this to mean modification of the boiler design, not merely t^M 
tU coufitructive details. I mtigl, Ihjrefore, cxfire.'ia my disappointmeii 
that a paper on such an interesting subject should aliriuk into littl^ 
more than a description and recommendation of the author's peculiar] 
methods of arranging the longitudin il jointe of cylindrical shells. 
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rMr. Rowe's li^ht estimate of tbe difficulty in dealing with flat 
Bnrtacefl and with cylindrical ftivEaces might be correct if the cold 
water test were the only end in ■\new, but the problem is a very 
different one. and uoiiher flat snriaoes exposed to the fire, nor circnlar 
furnaces will he easily dealt with at 251) Iba. pressure. 
PUehinij of Riivl*. — Mr. Rowe tells us that "with platea 1 inch 
thick and upwards, it is probabk- that large pitcliea may be ased 
without reducing the strength per square inch of the metal between 
the holes below the strenRth of the soUd plate." Now, as 1 inch ia 
alwiut the niiuimnni thickness that can be used lor modern pressorea, 
it would appear as if now, ns in 1875, "the only barrier to the adoption 

I of wide pitches lies in the real or supposed difficulty of making them 
tight at high pressures. It is thought, however, that with good 
material and workmanship the difficulty Is much more imaginary than 
real, and tlmt we have us yet no SHtisfaotoi-y knowledge of the point 
Bt which the pitch becomes two wide to make thoroughly tight work." 
Since these spnteuces were published in 1875, it has certainly been 
prowd tliat (Jiere is lillle difficulty in making a tight 90 per ctnt. 
' Joint, or one having a still greater percentage of section. There ib, 
however, a practiuiil reason, not mentioned by Mr. Eowe, which renders 
the use of very high pftrcentages inexpedient. It^ for example, we 
ftdoptt-d solid rolled rings for boiler shells, the section would he luO 
per cent-i but it is evident that wo could not drill a hole for a water- 
space stay, for a mounting, nor even for a lagging screw, nor could 
A patch of corrosion occur, without reducing the strength of the entire 
striietiirc- Our rolled rings would, therefore, have to be credited 
with 10 piT cent,, 15 jsr cent., rir 20 per cent, less section, to allow for 
these necessary piercings ; and this consideration, theretbre, bars the 
use of joint* having much more tlian HO per cent, section. 

PerrfaUtfff (.'urv. — Thi' sole vaine of this curve appears to lie in 
its prespntiug a graphic view of the problem to minds unaccustomed 
to the suhjuct. Tu otlicrs. there is nothing either new or appalling in 
the Tact that the ratio ul pitcti to diamertr of rivet is, with W per 
cent, seLtion, double what it is with 8(J per cent. If the cune really 
has. ns Mr. Rowu sngEests, such an effect "se to point to the hopelessnesH 
of thf attempt to obtain, by ordinary methods, a joint possessed of 90 
per cent, s^di'in," then it oannot be too ([uickly put nut of sight and 
out of mind. 



1114 



niSOUSSIOX—MARlSK BOILKIl ("0N8THUCTI0K. 



The aew formulie given by llr. Rdwe iire distinct improTementu 
deserving our beat thyiiks, but the order of designing a joint woold 
hardly be that described by Mr. Roive, except perhaps in a drawing office 
where high percentugea presented correspondingly great difficulties. 
Usiug Mr, Rowe's formula, in place of an equally effective but les« 
neat method, the order would be as follows : — 

Ist — Determine npon doable bntt straps as giving thinnest sIm 

find — Determine the percentage to be adopted, 

3rd — Calculate the thickness of shell. 

4th— Fii the size of rivet from any personal factor thongt 
proper [ then 

R = ratio of pitch to diameter of rivet. 
I = thiokne^ of shell plating. 
d = diameter of rivet in inches, 
n = numlier of rivets per pitch, 
P = pitch of rivets in inches. 

It is required to construct a 90 per cent, joint, with plate 1 inch tliii 



P = 10 inch) 

All that remains to be done la to arrange the eight rivets in 
inches pitch, as oxperienca or judgment may suggest; from which 
would appear that the pro^iortioning of a 90 per cent, joint is not; 
formidable a matter after all, 

The difference between the order discussed and illustrated by U 
Rowe and that laid down here, is that the former fixes beforehand tl 
number of rivets^ which is a matter of no moment, and leaves for afteic 
calculation the size of rivet, a matter of the utmost importance to kno 
beforehand, while the latter rereraea these positions. 

Rirettmij. — I regret that Mr. Rowc should have thought it neoesstu 
to call a part ici;lar joint hy my name, and the moi'e so that the joint he hi 
illastraled and criticised is not to be found in the paper from which b 
appears to quote. He la quite right in saying that "it is imposrihl 
by any sysLem of rivetting yet put forward to construct a joint in 
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mode known as MacCoU'a which ahall poBaess a greater perc«iitage of 
joint than can be obtained by the old ayBtem." It is not quite clear 
what Mr. Itowe means by "the old systeni;" for, bo far as I know, there 
ie only one "syBtem" in ri vetted joints by which a high percentage can 
bo got ; and that is by making the rivet area correspond to the desired 
percentage — no " syslem," old or new, can get over that. On the other 
hand, it is possible to arrange the rivet area effectively and economi- 
cally, or to arrange it uselessly and wastefuUy ; and by this I propose 
to measure Mr. Howe's proposals. 

In Figs. S, 4, and 5, proposed by Mr. Rowe, there is a very obvious 
want of economy in the fact that in each case be hag two sizes of rivets, 
BO that tno sizes of drills must be used in making the holes, and two 
sizes of rivets in filling them. Fig. 8 has the still more serious 
economical defect, that while it has more labour and material in the 

joint, ite valne, by the Board of Trade rules, is only ■ ■ = lUl?, the 

value of No. 1 and 2 being-— = 17'02. In other words, where the 

Board ofTrade would give a pressure of 170 lbs. for Fig. 1 or 2, they 
would only give Ifil lbs. for Pig. 3. Or put another way — Figs. 1 
and 2 are 5^ per cent, better than Fig. 3. 

Fig. 4 is not worthy of serious discussion ; for while it poaaessea 
grave disadvantages, as compared with an ordinary double butt 
strapped joint, its cost would be enormous. If "corrosion follows the 
caulking tool," we might expect unusual corrosion with Xo. 4, on 
account of the free and generous use of the caulking tool it would 
require. No. 5 is certainly the best of the three, and would be still 
better if the inside butt strap were widened to be laid hold of by the 
rivets C. As it is, it is impossible that the strains could be evenly 
distributed in a hermaphrodite joint having some rivets in single and 
others in double shear. 

In conclusion, Mr. Rowe has token great pains, and has shown 
considerable skill, in avoiding plain straightforward methods of making 
longitudinal joints in cylindrical shells; but, in my opinion, he has 
entirely failed to show how our present pressures may be increased 
by one single grain. 
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In reading this paper on Triple Eipnnaion Engines, the writer will 
endeavour to girc onlj a few practical results ho lias noted, and will 
take for grantfd that this nieetii^ is well acquainted with the ordin- 
arily accepted theory of Ihe expansive force and economical obc of 
steam. Bnt by way of keeping clearly before our minds the principles 
involved, he will now and iigaiii refur to Plate XVII., which shows graph- 
ically the ratio between the power expended and the power utilised for 
various pressures. The power expended is calculated for a feed-water 
temperature of 122 degrees. The writer wil! now give a practical 
illustration of the advantages of 1 .50 lbs, pressure, and triple expansion, 
over the ordinary compound engine and 100 lbs. pressure. Two 
steamers were built, one alter the other, by the same builder, from one 
model, and were in all respects identical, except the propelling ma- 
chinery. The first has two cylinders 23 inches and 46 inches diameter 
with 33 inches stroke, and a boiler 12 feet 9 inches diameter and 10 
feet (! inches long, having l,fi49 square feet of heating surface and 
100 lbs. working pressure. This is one of the very best examples of 
the ordinary lype of compound engines. The second has a " triple 
expansion engine," the cylinders being 14J, 20i, and 40 inches 
diameter respectively, each having 33 inches stroke. The boiler is 
l(l feet 8 inchi'9 diameter and 10 feet long, with 1,'M2 s^uu^.■ feet of 
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heating aurfaoe and 150 lbs. workiiig pressure. The propellers f« 
these stenmerB are each 12 fcot diameter, and are the same in form, bat. 
the ordinary compound has 15^ feet pitch, and 36 i square feet of KB- 
face, while the other has U feet pitch and 3.5 sqnare feet of SDrface. 
The crank and projieller shafts of the ordinary compound engine are 
9 inches diameter, while those of the triple expansion engine are Sf 
The first went to sea in October, 1881, and the second in March, 188i. 
After these veaselH had run for about twelve months the writer had 
extracts taken from the logbooks of each, showing the number of hoim 
under steam, the distances run measured on the charts, and, wlicu practi- 
cable, checked by tables of distances. An account of bunker coak hy 
also been taken from the owners' biioks. The results are as given in the 
table betow. The second line for the two-cylinder engine is given, ia 
order to corajwe with the three -cylinder engine during the same 
period of the year. In it we have, for the two-cylinder engine, par- 
ticulars from Mareh 18th to December 17th, 1882 ; and for the three- 
oylimler engine we have from Ufarch 11th to December Slst of the 
same year. The vessels were practically iu the same trade, and there- 
fore must have had much the same weather. And as they had the 
same freeboard, the displacements may be taken db equal throughout, J 


Two-Cylikder 

KNQISli— 

From 19th Oct. 1881, 
to nth Dec., 1S82,.. 

FroniWtliMiiroh,lii83, 
to irth Dec., 1882... 

Thbke-Cylisder 

K so IKK— 

FromlUh Mareh. 1882, 
lo3lat Dec., 1883,. , 


•toJ;^. 


Knot* 
itunied. 


DHllUBl. 


Hbub 


ss=- 


otUim 


1.237 
3,061 


32,m 

2.1.T6i 
26,6-13 


Tdbi. 

1,531-26 
1.131-35 

1.01475 


7'77 
7-76 

7-8a 


Ton. per 
OK/. 

8-66 
8-78 

7-33 


41 

48 

47 


You will observe that the three-cylinder engine has rather a grmtar^ 
percentage of its time under steam than the two-cylinder engine, while 1 
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the Bpeed is also slightly in its farout, and the consumption ia con- 
siderably in its favour. Allowing the speed to be equal, the saving in 
the total coal is 17-6 per cent, for the same time of year. As in each 
case the coal consumed by the donkey boiior in mooring the vessel, 
discharging cargoes, &c., is included; we may therefore allow 0'2,'i tons 
per day for this work, and if this quarter ton is taken off each, the 
saving would then be 18'1 per cent. You will observe that 18 per 
cent, saving of coal is much in excess of the theoretical efficiency given 
by our efficiency curve in Plate XVII. ; but perhaps some of our mem- 
bers may be able to throw new light upon this point. 

Most of you will have seen Mr. McFarlane Gray's letter in 
Engiitfiring, of February 20th last, where he says, " I have now to 
announce that the outcome of my continued investigations is, that the 
second law of thermodynamics ia not a law of nature. The theoretical 
efficiency of heat in the cycle steam engine is greater than is espreBsed 
by temperature range divided by absolute temperature, and this excess 
increases as the higher temperature increases. This accounts for the 
nnexpeotedly high efficiency of the triple expansion engine," 

Neither the captains nor engineers of these vessels were aware that 
the logbooks were to be examined for any such purpose as the above ; 
and the coal supplied to each steamer may be considered ordinary east 
coast coal. In fact, it is to be clearly understood that the vessels 
were not run for any competitive trial, but in the usual way of business, 
and practically in the same trades. 

The above result fully confirms a sound practical comparative test 
which happened in the following manner : — These steamers were 
lofided and bunkered from one colliery, and sailed from the Tyne the 
same tide, each bound for Oporto. The three-cylinder ship was one 
hour the sooner to Dover, and four and a half hours the sooner to 
Oporto bar, showing that the three-cylinder ship is not the slower. 
From Oporto the latter went to Pomeron, and loaded home. The 
other went to Billmo, and loaded home, Tlie respective distances are 
as 3,030 to 2,.')!)C, and the coal consumed was as 100 to 105, showing 
a saving of coal of ISj per cent., irrespective of extra speed. Plate 
XX. shows a blade of each propeller of these ships, the meeting can 
decide for itself as to whether the difference in propellers can in any 
way iiccount for the differenLf in consnmptiuTi. Lately we have l)een 
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told of triple expansion enginta using 30 to 40 per cent. less ooal Uua 
in the ordinary compound engine ; but moat probably this will be 
difficult to prove. 

Several questions naturally orifle here : — 1st, It may be asked why 
(if the foregoing be corr«3t) was BOeh an important aaving not grasped 
and acted upon liefoi-o 'c liiid. AVTiy cannot this saving be obtained 
one or two cylinders, instead of using three ? 3rd. Wliy was not the 
Perkins engine a complete success, instead of the failure it has been Id 
the marine world, as it had three cylinders and much greater prennn 
than any above named ? The writer will now try to give a satisfac- 
tory answer to each of these questions, 

Ist, — Why was such an important saving not grasped and acted 
Dpou before? In answer, the writer may say that the economy of high- 
presaui* steam has been known nearly as long as tlie eteam engine 
itselfi but he fears that the majority of <mr mannractarers and 
practical fiiends, instead of examining the subject with a view to the 
improvement of the engine, have been too much inclined to stick u 
old patterns and well-known practice, and to magnify the excesave 
wear and tear which they believed would take place, along with other 
supposed disadvantages attending the use of high pressure ; and moet 
of the attempts to deal with high pressure were tried under ezoep> 
tionally unfavourable circumstances, such as peculiar boilers or enginei, 
BO that it was not to be wondered at that they foiled, and each failan 
Btrcngthened our conservative brethren, and delayed the introduction 
of high pressures. Without doubt their greatest difficulties were in 
the boiler, brought about, probably, by ignorance and want of can 
and attention to its i-equirements and conatruction. The very fact 
that there have been, and now are many patent boilers in the market, 
ibows how much thought has been given to the boiler, and how 
important a question it is. The writer has seen taken out of steamen^ 
within tlic last few years, at least twelve different patent boilen^ 
which wore all, more or less, designed with tbe expectation that thej 
would Buiwrsude the ordinary cylindrical multitubular boiler, for carry- 
ing high prossnre, but which, utler receiving full trial, at a great 
ei)wnj)(!, have only resulted in adding to our esperieiice, by teaching 
us what to avoid, and in throwing us back upon the ordinary molti- 
tuliulur Ixiiler, which still stands aloue, more valued every day ; and 
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now, when reasonable care and attention are bestowed upon it, both 
in the drawing office and the workBhop, we may safely say the ordinary 
boiler is not only the vury hest we have, but it meets all the practical 
requirements of a liigh pressure marine boiler. Let us look for a 
moment at what we require from a marine boiler. First, it must con- 
tain in a small shell a \argc amount of heating surface, and a fair 
quantity of water and steam apace ; it must be easily and quickly 
accessible in every part ; it must also be easily cleaned, and must con- 
tain a large space in whieh mud and other foreign matter may deposit 
harmlessly ; and it must have the fire and water so placed, as to induce 
the least possible priming. These are all vital points, which few patent 
boilers satisfy. Without doubt, the boiler question was the most 
serious, and the advance to higher pressores was delayed principally 
through it. 

We now come to our second question ; "WTiy cannot high preaaure 
steam be as economically used in one or two cylinders as in three ? 
This opens up a wide field for discussion, but yon will perhaps allow the 
writer to answer it briefly, thus — "one cylinder is all that is necessary, 
where an earlier cut off than a half is not required, as in this ca«e the 
temperatures of the cylinder are never very much higher or lower than 
the mean, and the steam can be admitted and exhausted by the 
common slide without the aid of complicated valves and gear ; but 
when, in one cylinder, steam at about 150 lbs. pressure, having a 
temperature of 366 degrees, is to be expanded down to 7 lbs. absolute, 
and exhausted at S'7 lbs. absolute, the latter of which has a tem- 
perature of 149 degrees, we get in the cylinder a range of tem- 
perature equal to 217 degi'ees. That is, the cylinder ports are one 
instant swept by steam 217 degrees hottw than the steam they are 
swept by in the next instant, and the steam in the slide exhaust port 
is 217 degrees colder than the atoam outside the shde." Under such 
circumstances, need we wonder if the slide and cylinder faces get torn 
and destroyed, or if they cat up and crack. The evil is further aggrava- 
ted by the slide and porta having to be large enough to permit the low 
pressure steam to travel at a reasonable rate. The stress upon such a 
slide at times is simply enormous ; but this is not ail. The steam in 
the steam chest is 217 degrees hotter than the exhaust steam, con- 
sequently, the condensation on the back of the slide, and in the ports 
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and cylinder, must be coneiderable. There is stiil another evil Ut\ 
faced, niimely, if the steam at 150 Iba. pressure is to be ased 
expanded in one cylinder only, then tiia pieton rods, connecting 
rods, cracks, and ail the jiarts subject momentarily to this enormoia 
stress must be strong in proportion, and we all know what sbocki 
and jars, all early cut off engines ai'e subject to ; and, as before 
stated, the slide and cylinder face must be as large as if only required 
for the lowest pressure. It was to overcome most of the above 
difficnltiea that the compound engine was tried. Here are diagramt 
(Platfi XVIII., Figures I and 2) showing steam of 165 lbs. pressure ex- 
panded down, as described above, but in two cylinders, and the cut off 
is necessarily so early that it may be tenned a "break down" cut off. 
The range of temperature in the high pressure cylinder is 104 degreca, 
and in the low pressure 144 degrees, both an escebs of what is foond 
advisable. 

We now take our third question, and it is most important and 
absolutely necessary that we should satisfy ourselves as to the cause 
of failure of the Perkins engine to fulfil the demands made upon it bv 
marine work, as it certainty was the boldest and most original attempt 
made in our time. The writer will, therefore, endeavour to a 
the third qaestion, namely: — Why was not the Perkins engine a 
plete success, instead of the failure it has been in the marine world, 
it had three cylinders and much greater pressure than any he 
named ? First, allow him to say, that the Perkins boiler may be 
best we have for such pressures ns SOO lbs., proi'ided always that it 
supplied with absolutely pure water. But, in the writer's opinion, 
lacks a proper amount of water, and steam space, to be agood boiler 
general purposes, and to stand the rough usage and irregular feed 
firing to which boilei-s are suhjected. On account of its cxcepti( 
limited Bt«am and water space, the firing requires to be 
absolutely regular ; otherwise, the pressure is subject to great varii 
Mr. Perkins states in his paper, that the " Emily's " pressure could 
reduced from S(»0 lbs. to 2)10 lbs. in one and a half uiiimtes. 
feed most also be exceptionally regular, as Ur. Perkins states that 
got 250 indicated horse-power from a boiler containing only gi 
gallons of water, so that all the water mnst have passed throi^h 
boiler within an hour ; while a, boiler of the ordinary circuhw mnlt^ 
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tubular type, to indicate the same horae-power, would contain about 
3,500 galiona of water, or more than eleven times as much as the 
Perkins boiler. The extra water and steam in an ordinary boiler, acta 
jnst the same as a huge spring or fly wheel, which can store up or 
give out sufficient power to keep the boiler pressure nearly uniform 
under very irre^nlar firing or feed ; and all boilers containing little 
water and steam space are at a disadvantage in this respect. Of 
course, it is granted that the larger we make the boiler, and the more 
water we carry, the lees cargo will he carried by the ship. The 
writer saw one Perkins boiler (which, by the way, is as near perfect 
as may be us a pure water boiler), practically ruined by the leakage 
of a condenser tube, We may take it that the boiler which can be 
rendered useless by damage to a condenser tube, or other such trifle, is 
not the boiler to scud to sea ; but the writer is not prepared to say that 
it may not be re-deslgued and so improved, aa to meet all vital reqnire- 
ments, and yet keep its character for lightness and strength. 

We now come to the engine — and the writer is sorry to say hs has a 
worse opinion of the Perkins engine, than of the boiler, Here is a sketch 
of the cylinders (Plate XIX,) showing a most expensive and complicated 
internal arrangement of heating pipes ; and outside, the cylinders ere 
again protected from cooling, by a double iron casing, filled with vege- 
table charcoal ; but if you will follow the writer, he will show bow the 
vital internal cylinder surfaces are neglected or misused. The steam 
from the boiler only enters the top end of the first or small cylinder ; 
in fact, the high pressure piston is a ram with the piston rings at the 
end, and below the piston rings, the ram must of ntcosaity only fit the 
cylinder loosely, leaving a small space between the nun and the 
cylinder barrel. Now, when the high pressure engine comes near the 
bottom of its stroke, and exhausts, the ateam travels into the bottom of 
the lower cylinder, and drives the lower piston up to the top of iC« 
stroke, the steam is then exhausted from the bottom of the lower 
cylinder, and passes into the space above the top of the piston, and 
also into the chest of the low pressure cylinder ; in fact, the low 
pressure chest and the apace above the second piston are in free com- 
munication, with the result, that the exhaust steam from the second 
cylinder surrounds the half of the high pressure cylinder and the 
whole of the ram, and travels up between the high pressure ram and 



the high pressure cylinder ; and all that there is between it and the 
Hteam direct from the boiler, is the high pressure piston packing rinf!. 
Now you will easily see that when tlie high pressure piston hai 
descended a few inches down the cylinder, the entering steam htiving a 
temperature of 439 degrees, due to 860 lbs., comes in contact with a 
SGrfoce which the instant before was surrounded by steam at about 
230 degrees, due to 6 lbs. pressure, or a difference of 2y9 degrees, ftod 
it 19 not assisted by any cuBhioning worth noticing, and the bi^ 
pressure eibaust is 180 degrees lower tlian the boiler heat, as the cardi 
themselves show ; therefore, the ports, valves, and cylinder, nmst fad 
this lowering of temperature at every stroke ; or, we may take it that 
the mean temperature of the high pressure cylinder, ram, and ports will 
not exceed SiO degrees, giving a difference of ItiO degi-ees at least be- 
tween them and the entering steam. The writer attaches great import- 
ance to this temperature qnestion, and to impress its importance upon 
you, will only mention this fact, namely, tliat the mean temperature of 
the sua is about W degrees, and the exhaust from the ordinary low 
pressure cylinder into the condenser is usually alwut 145 degrees, or 
a difference of only 77 degrees between the circulating entering water 
and the exhaust steam; and yet we know how rapidly the sieam x 
condensed even on the greasy, dirty tubes, whoso mean temperature 
can only be about 39 degrees less than the entering exhaust steam. 
And yet, Mr, Perkins allows a difference of 209 degrees in his high 
pressure cylinder. Need wc wonder that the Perkins engine generally 
shows a losH of about 150 lbs. pressure, between the boUer and the 
initial presaore recorded on tlie cards, when we find the high pa'ssure 
cyliudersucba first-class surface condenser? These cards {Plate XVI II, 
Figures 3, 4, and 5) were copied from Bramwell's rejiort on the "An- 
thracite," and tuUy bear out the above facts j but they show a loss ol 
170 lbs. between the boiler and engine. 

The writer will now try to show the advantages which the triple 
expansion engine has o*'er all others using steam of 150 lbs. pressure. 
First, here (Plate XVIII., Figures G, 7, and 8) we have a set uf catdi 
from a triple expansion engine. You will notice that the higli-pressnre 
card shows a loss of between 8 and 10 lbs. of steam, between it nud the 
boiler, whicii is about the usual proportion ; the high-pressure exhaust 
lowest point shows a pressure of 57 lbs. There is iwusequmtly otdy 
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a range of fiO degrees in this cylinder. Now, taking the second 
card, we find s range of temperature eqiml only to 67 degrees, 
and in the low-presaiire cylinder ivc have the usual range of about 
105 degrees. Yon will notion here that the range of temperature is 
small, compared to the range in the Perkins engine, or even as com- 
pared with the ordinary compound engine, with 100 lbs. pressure. 

In designing a triple expansion engine, we at once get out of the 
ordinary proportions of heating and cooling surface, 8t«am space, 
and sizL'S of shafts and pum)>s, to both the nominal and indicated 
horse-power. Extremely vague ideas are entertained regarding these 
points. We should remember that we have still the same natural 
draft in onr furnaces, which only pennits ua to bum the usual amount 
of coal per square foot of grate, and we must have the usual heat 
in tiie funnel in order to obtain this natnral draft : we also have the 
ordinary kind of heating Burfaci; to take up the heat, therefore the 
conditions are not changed, so fur aa tlie coal, and the heat imparting 
powers are concerned. Neither has the healing surface been changed. 
If we now examine the other end — that is. the low- pressure cylinder ; 
— we find there the same terminal and back pressure as in the ordinary 
compound engine ; therefore the steam in the low-pressure cylinder is 
nnchanged ; for the same weight of steam passes through the low- 
pressure cylinder at each stroke, and carries the same quantity of heat 
to the condenser, as before; and, as a consequence, the same heating and 
cooling surface, and pomps, will be required for a given li iw-presaure 
cylinder, no matter what boiler pressure, nr what number uf cylinders 
may be used. But with steam increased to l.^n lbs. pressure, and 
having added another high-pressure cylinder to the engine, we can 
take considerably more work out of the ateara. But in increasing 
the boiler pressure, we can decrease the size of the boiler shell, for 
we have practically doubled the weight of steam in each cubic foot ; 
and as we have also a high-pressure cylinder, of about one-half the 
former capacity, to supply with steam from the boiler, we get a gi-eater 
steadiness in the steam, and on this acrwunt, we enn reduce the 
boiler steam-space considerably ; or, in other words, we can put a given 
amonnt of heating aurCice into a smaller shell. For all practical pur- 
poses, we may reckon upon getting an indicated horse-power from 
three square feet of heating surface, under such ordinary circumstflnces 
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as obtain on trinl tripe in the mercantile utarine. A successfnt thplt 
expansion engine with a boiler pressure of 150 lbs. is now an ttocflm- 
plished fact s because we can make the invaluable ordinary boiler to 
stand the necessary pressure, and jct get omple apace for steam, walct. 
and dirt; and by desi^iing the engine so that each ojlinder shall be 
kept as near to its mean temperature and pressure as possible, m 
reduce the wear and tear to reasonable compass, because thu writ*! 
believes the wear and tear and waste in cylinders and slides is verr 
much governed by varying temperatures. The size of the shaf tin;; will 
also require reconsideration; andlast, but not least, the slide-valve, sni 
the manner of driving it, must go through a aearcliing examination.-— 
unless we are content to go on with the ordinary slide-valve and link 
motion, to which tlic writer sees no objection. Asbestoa boiler gaoge- 
cocks appear to answer well. It appears doubtful whether a metallic 
packing is yet invented, that will give better all round resiilta, than tht 
ordinary canvas and asbestos packing, for slide and piston rods, Tbt 
writer has seen no serious defect in the triple expansion engine, U 
counter-balance itB enormous saving in coal; and when all the smaD 
details which demand attention on account of increased pressure « 
temperature have been carefully provided for, the writer is satisfied the 
triple expansion engine will be, in durabihty, equal to the ordinar» 
compound engine, while he is also sure that the boiler ivill last longa 
than its lower pressure brother, if the Boai'd of Trade or Lloyds i» 
not reduce their factor of safety. 

The relative cost of an ordinary comjwund and triple expansioi 
engine, to indicate the same horse-power, the writer bas no dinA 
means of giving ; but be is quite sure that the tiiple espansion engint 
should be made at the least cost. For the following reasons, viz : — 

The boiler capacitiea maj be Bi ... ... 60' to 100 

Heating liurfsce u) 85' Co 100 

CooUng surface u , 8a' to 100 

C&pucit; of pamp* u ... 85' to 100 

The figures being the reduced proportions which may be adopted 
for the triple expansion engine. The main shafting may also be 
reduced. 

The boiler for the triple expansion engine will be about 5 per cent, 
less weight than the ordinary boiler, and its water will bo abont M 
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per cent. leas. The stop valves and safety valves can be a trifle smaller, 
but this muy be Bct againat the cost of more careful jointing, etc. 
The steam and feed pipes will also he a trifle Bmaller, bnt the increased 
thickness required will perhaps make them equal in weight. The 
writer might here say that he has invariably nsed wrought iron main 
steam pipes for 150 lbs. pressure, and so far without repah^. 



The Chairman, in rising to open the discussion, said it might clear 
the way towards a proper underBtandiDf^ if Mr, Taylor would tell them, 
l>efore the discussion began, whether his remarks concerning the triple 
expansion engine applied to the triplex engine, that waa, three cylinders 
with three separate cranks, or to an engine having only two cranks 
but three cylinders, two of which wero placed tandem fashion. 

Mr. Tatlob, in answer, said his remarks especially referred to 
engines of his own design with two cranks instead of three. For many 
reasons, he did not wish to bring the crauk qnestion forward. 

Mr. B. G. NiCHOL said he could not conceive of a subject in 
engineering science of more interest or more importance to engineers, 
shipbuilders, and shipowners, than the subject under discussion. He 
thought they owed a deep debt of gratitude to Mr, Taylor for his 
foresight and skill, and for the persistence with which he had advocated, 
and caused to be adopted, the triple-cylinder engine j because, from 
the data given to them, it evidently possessed a higher economy than 
the ordinary two-cylinder compound engine. He felt very much 
interested in that particular paper, becanse, eleven years ago (in 1874), 
he had a great deal to do with a pair of three -cylinder triple expansive 
engines, which were constructed by the Ousebum Engine Works 
Company. The results obtained from the engine when on trial 
appeared so good that at that time he could not believe them ; but 
after the evidence that Mr. Taylor had brought forward as to the 
working of his engines, he had tome to the conclusion that the data 
then obtained were perfectly correct. At the time, it was his opinion 
(although instructions were given to measure the coal) that a con- 
riderablc quantity of unmeasured fuel had found its way into the 
hmaces, and he thei-efore did not attach the importance to those 
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trials which thc^ evidentlj deserved. These engines were fitted ^H 
the 8,9. "Sexto," the cylindere were, respectively, of 11, 17, and H^ 
inehes diamettr, nitli a stroke of 18 inches, und working on to thi^| 
cranks placed nt an angle of 120 degrees to each other. The boiI^| 
was constructed for a working presBure of 120 lbs., and poesefised ^M 
unuBually large amount of heating surface compared with the work to * 
be done. He had made the following analysis of some of Mr. Taylor's 
reisultfi, and also of results from that very engine : — 








Mr. Tnisfi 


»ar J 


Indicated horse-power 

Llw. of coni per I.H-P. per hour ... 

Heuti'igBurfocuperl.H.P. 

Lba. of water evaporated per lb. of 

coni ptT hour ... 
H». of .team uaed per l.H.P. per 

hour 


379 
2164 
4-351 

8-565 

18-6 


400 
1-6875 
3-68 

8-615 

14-369 


101'4 H 
1'518 !■ 

U-6S H 


In the above table, had they coDsidered, as Mr. Taylor had dog 

engine and holler all away together, and simply compared the one rean 
with the other, when dealing with the valuea^of boilers and engine 
they must have come to a very enoneous conclitsioti, as the " Scxta't 
consumption was only a little over 1^ lbs. per indicated horse-power pfl 
hour, as agaiust a little over 2^ lbs. in the case of the two-cylinder eo 
gine, and in Mr. Taylor's three-cylinder donble-crank engine the ooq 
sumption was 1 j j 11«. per indicated horse power per hour, they moi 
come to the conclusion that the " Sexta's" engine was the mo 
economical of the three. He believed it was absolutely necessary (as 
the large proportion of boiler surface pointed this out) to separal 
the engine from the boiler and estimate the relative efficiency of eaol 
In the " Sexta't; " engine there was a very lai^e ratio of heating sur&a 
to indicated horse power, and necessarily, with the much larger snrfeo 
they had a considerably greater quantity of water evaporated pa 
pound of coal. Bat when they came to compare and measure tfa 
weight of ateam used per indicated horae-power, they found that i 
the two-cylinder engine it was ISj lbs., in Mr. Taylor's tliree-cylindi 
engine 14-369 lbs., and in the "Sexta's" engine 14-59 lbs., or tt 
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theresultsof Mr. Taj-lor'aeDpne8gave32'4and the "Sexta'a" eDginea 
21'3 per cent, saving over the two-cyiinder two-crank engines. This 
cleurly proved that the ifsiilla obtained with the " Sexta" corresponded 
verj cliJEoIy with Mr. Taylor's reaulta; and he thought that would 
confirm the enormouB anperioritj of the three-ojlinder tri))le expansion 
engine over the two-cylinder ordinary compound. At all evenU, it bore 
out Mr. Taylor's conclusions. He thought there was one thing fnrther 
that they ought to be indebted to Mr. Taylor for — that was, for so 
very clearly pointing ont the difference between the conditions in 
the single-cylinder simple expansive engine and the tbree-cy Under 
triple cxpaiiBive one. The great efficiency in the triple expansion 
engine seemed to him to be gained by dividing the temperature of the 
steam from that at which it entered the cylinder to that at which it left 
for the condenser into three distinct parts er stages. There were three 
small ranges of temperatnre, instead of one great range, from the boiler 
temperature right down to that of the condenser. 

Mr. Jacob Wallau said Mr. McFarlane Gray's statement would 
take a good many of them by surprise, but he supposed they must 
take it as correct. Another thing which had taken them a little by 
surprise was that the three -cylinder engine in the S.S. "Seita" had 
given such good results. He might, however, say that with the 
enormous heating surface which it had, that engine had not done 
as well as it might have been expected. What he thought (and 
he believed he had mentioned it before) was that Perkina' engine 
was really Ijf dead. He did not think there was a single steamer 
afloat with a Perkins engine on boai'd. And although Perkins had 
not been successful, yet he quite agreed with Mr. Taylor that great 
credit was duo to the grandfather of the present Mr. Perkins for 
making so great a step forward. The Perkins engine had been 
il ashore, hnt oF course the conditions ashore were much more 
fevourable for regular working than at sea ; although even at sea it 
I might have a better chance of success if they adopted mechanical 
firing or firing with liquid fuel. He did not see why Ihey should not 
always have regularity of feed. The saving of size in the Perkins 
boiler was cerl-ainly a point they ought to try to approach as soon as 
they could. The Perkins boiler had been long before the public: 
L quite true it had nut succeeded at sea, but that was not to say that it 
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might not be improved bo aa to ancceed. Mr. Taylor had thrown c 
a hint as to what was wanted. It was a question for their ^oon^V 
engineers to try their hands at. Considering that in srime of the t 
steamers with Rowan's litgh pri'ssure compound engines they I 
obtained an economy equal to anything that had been got E 
he was inclined to think it was the increase in pressure that gavv 
them the economy, and not the triple expansiou. No doubt what. I 
Mr, Taylor said as to the excessive stress got by an early cutMiffll 
and high pressure was an ohjection to the use of one cylinder oiiIy-,J~ 
It was a question whether this was not an objection to the two oylinda»'ll 
as well. The difference in the efficiencies between engines using-C 
100 lbs. pressure and 150 lbs. was not quite borne out by theory; ] 
they all knew that theories and facts did not always run cloaeljJ 
together. They sometimes differed, but theory and practice were the j 
same thing, and when they were found not to agree, it was siInpl]^ J 
from a want of accurate observation. For his own part, ho would 4 
like to see Mr. Taylor's three-eylinder engine tried with the preHBora i 
reduced in its boiler to be equal to that of the ordinary two-cylinder J 
compound, and from the data got from such a trial as that it could be; J 
more clearly discerned whether the saving was most due to the rednctton. ■ 
in the range of temperature, or whetlier it had been greatly due Ui'4 
simply asing higher pressure and greater expansion. 

Mr. C, W. HuTCHiKSON presumed that the reduced diameter of shsfk.^ 
was an accidental circmnstance, owing to the fact of the engine being- . 
arranged perhaps to run quicker, since the power of this engine is givaa J 
off not through three cranks but through two. As a matter of curiosi^ 
in detaU, he would like to know something about the wrought-iri 
steam pipes — as to the size which Mr. Taylor had nsod them, and thfiig 
thickness. Referring to the Perkins boiler — or tube boiler, if t 
might so call it — he said a remark had been made that it was almot 
a perfect boiler if they had really pure water. But where did the] 
get pure water ? What was pure watei' ? There was a great diffcreuot 
between the water of the town supply and rain wat«r. Both t 
drinkable, and both are nominally pure waters ; but there ejiiste betwee 
them a great difference, which, in ttie household, is detected in t 
question of washing, and in the boiler is detected in the question c 
the eiisteuec ur uuu-eiiEteDce of those substances that would encrustJ 
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corrode, or otherwise damage the boiler. And if the ulight differences 
existing in so-called pure waters just named are bo appi'eciable as we 
find them to be in the working of boilers, and if they contain the 
elements of trouble, bow much greater the trouble when we come to 
deal witli sea water, and the waters of muddy rivers. Boilers which 
are sent to sea must be able to meet these difficulties. For instance, 
he mentioned a case which occurred to him in his sea-going experience. 
In moving from the moorings at Bordeans, they had just cast adrift in 
the river, and were turning round to awing. They were about to start 
the engines, and he was moving the valve gear, but after tlie first turn 
of the engine the valve gear stuck, and the engine could not get away. 
They tried every device they could imagine, but it waa of no use ; they 
conid not get it to move, The ship swung round up against the tiers 
again, and they had to make fast ; and, on examination, they found the 
mnd and du-t had been carried throagh from the surface of t!ie water, 
and so gummcd-up the pistons and valves that they had found it 
impossible to move them. Therefore, although they might have a 
boiier which waa quite perfect for pure water, in arranging a boiler for 
aea service it must be equal to such service as he had described. 
Then the boiler in question, when brought t« land service, had a good 
deal of difficulty under certain circumstances. There was the question 
of the regularity of luring. There was a great objection to taking 
mechanical firing to sea, tjecause of the space it occupied and the 
weight it involved. And with a very small volume both of water and 
of steam, both the firing and the boiler feed require constant and 
instant regulation in proportion to the engine speed, and to its stopping 
and starting, which will sometimes tx; very frequent. 

Mr. Jahes Pattbrson said he quite agreed with what Mr. 

Wallau had said, that the success of the three-cylinder engines was 

due, in a great measure, to the use of high-prcssnre steam. They all 

Jcnew that economy in the working of steam was got by expansion, 

iBnd they could not expand steam at lOU lbs. pressure as many times 

at 150 lbs., and still have the same terminal pressure. Mr, Taylor, 

his paper, had considered the performance of the boats over all, 

t separating the performance of the engine from that of the boiler, 

Mr. Nichol very well pointed out. However, if they looked at Mr. 

lylor's figures, they would see that he had reduced the heating sur- 
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face of the boiler in the three-cylinder engine in the game prop« 
u he had reduced the coal conHnmed, therefore, the performant 
should be exactly eqna!, and the increaee in the eflicioncy of the [ 
formance over all was therefore due to the engines. Mr. Taylor 1 
laid great 8tn»s upon the reduction of the range of temperatures i 
the cylinders. He thought that was a very important point ; and in. 
connection with that, he thought a very important point was that i 
the three-cylinder engines a sufficiently large receiver slionid be given. J 
If there was a small receiver the pressure must vary, and might cause 
SO lbs. variation in the back pressure. That meant lu lbs. presaare 
greater range in the cylinders. The question of giving a sufficiently 
large receiver was nut sufficiently uttended to sometimes in the 
designing of engines. Mr. Taylor mentioned, in the end of his papery 
that the triple expansion engine at 15u Ibb. ought to be cheaper than ■ 
the other, and he deduced the fact that the boiler o'ocild be 5 per cent, [ 
lighter in the triple engine than in the ordinary compound. As &r J 
as bis (Mr. Patterson's) e.xperience had gone, it would be 10 or IS p 
cent, heavier, 

Mr. R. L, WniGHTOS said, in connection with the question which. 
Mr. Taylor had raised, us to the correctness of the second law of 
thermo-dynamicB, although he had not before seen the startling state- 
ment made by Mr. McFarlane (Jray, it occuri-ed to him there was an 
explanation of it, so far, at least, as the question under discussion waa 
concerned. While the theoretical efficiency of different pressures of 
steam must he eipressed by the ratio of teinperuture range to absolate 



temperature 



(V)" 



I shown on the curve, that only «as the c 



if the two different pressures, or temperatures, of the steam were used J 
under the same couditions in each case. In the one case, in the two- j 
cylinder engine, they had a greater range of temperature in eaohl 
cylinder than they ha<l in each cylinderof the three-cylinder engin&l 
using higher pressiiree, so ihat the conditions under which the at 
was used were different. Hence the efficiency must be differeut at theJ 
two pressures. So that, so far as the particular instance was con- 
cerned, in using steam of different pressures in two different engines, J 
the two-cylinder and three -cylinder, the theoretical curve of efficiency, ^ 
us expressed in the second law uf thurmo-dj namics, cuimot be expected J 
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^r to hold. He thought that was qaite plain, and the unexpectedly high 
B^ efficiency of the engines adduced by Mr. Taylor was not at all incom- 
patible with known laws of thenno-dynamics. What Mr. McB'arlane 
Gray might mean when he said " the theoretical efficiency of heat in the 
cycle steam engine is greater than ia expressed by temperature 
range divided by absolute temperature, and this excess increases as the 
higher temperature increases," he did not precisely know; but he 
presumed that the changes in temperature must take place in all caees 
under identical eonditiona. Another point is worthy of notice. In- 
vestigation of tlie results of work produced by steam of 100 Iba. and 
by steam of 150 lbs., aa used in the two-cylinder and three-cylinder 
engines respectively, shows that, roughly, 15 per cent, more efficiency 
is gained, due to the difference in pressure and difference in ranges 
of temperature in the cylinders in the two-cylinder as compai'ed with 
the three -cylinder engine. That percentage agreed very oloaely with 
what Mr. Taylor had got. But then came another question. Were 
they justified (as Mr. Taylor assumed towards the end of his paper) 
in reducing the heating surface of the boiler to the extent of 15 percent? 
Mr. Taylor advocated the reduction from 100 to 85; that was just 15 
'X cent. At page 115 Mr. Taylor says, "We also have the ordinary 
kind of heating surface to take up the heat ; therefore, the conditions 
are not cbanged, so iiir as the coal and the heat-imparting powers 
are concerned," True, the coal was the same, and the heating surface 
was the same) but the conditions under which heat passed through 
the plates to the water were different, n« the water being under a 
greater pressure was at a higher temperature, and, therefore, the 
difference of temperature on the two sides of the plate was less. 
Hence, he thought, that 15 per cent,, or the maximum of saving that 
could be got by using high pressure steam, was too great a proportion 
in which to reduce the heating surface of the boiler. He thought that 
Mr. Taylor allowed a rather large reduction in weight, both in the 
boiler and in the engines. Certainly, the three-cylinder engines would 
be somewhat heavier. The boilers, in bis opinion, would be at least 5 
per C'ent. heavier if constructed with the same factor of safety. There 
was also an important matter about tiie shafting which he did not quite 
understand. It seemed that in the tandem engine — for it was a 
tandem engine with which Mr. Taylor was dealing — the shaft was 
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reduced as compared with one of equal power with two crankB a 
noii-tandem. He should have supposed that the tandem en] 
having to sustain greater initial loads, would have liad the loi 
shaft. 

Mr. <T, H. Heck said he had listened with very great interest CO ' 
the reading of Mr. Taylor's paper. He had recently licard a paper 
read on triple expansion engines by Mr. A. K. Seaton, before the 
Institution of Naval Architects, which would confirm Mr. Taylor^ j 
assertions so far as economy was concerned. There was one ] 
raiBixl in Mr. Seaton's paper as to triple c.Tpansion engines of low pro 
sure, an instance of which was given, and it showed that teailj I 
performance of an engine working nt loO to 110 Iba. presanr*, witi 
triple uspansion, was aliiiost equal to that of a triple expansion engiu 
working at li^O lbs. pressure; and Mr. Seaton distinctly stated that tj 
results which had been got from the three-cylinder engine, working • 
low pressure, had induced him to reduce the pressure in some c 
from 160 to 140 lbs., and that with HO lbs. they got as good resul 
aa they had done with 180 lbs. Reference was made by Mr. Tajil 
to the second law of therm o-dyn amies, and Mr. McFarlanc Grajl 
name hod been mentioned in connection with it. Ue, himself, I 
had some conversation on the subject with Mr. MoFarfane Gray qui 
recently, and he might say that the difference of temperature refer 
to was a very well known one, and depended simply on the diOere 
of temperature between the Bt«am in the boiler and the temperatn 

of the condenser, or [ ~~ — )i T being the absolute temperatn 
and the investigation of Mr, Gray seemed to indicate some variatti 
of the second law. In conclusion, he considered the economy of I 
triple expansive engines to be due, not so much to increased expaodti 
but to the better range of tempei-atnre obtained in the eylinders. 

Mr. W. A. Crawfokd said most of them must have noticed 1 
McFarlane Gray's report alwut the second law of thermo-dyi 
but perhaps many of thom had not noticed that the Council of tl 
Royal Society had declined to allow him to read his paper before tin 
body. Wlicn such men as Professors Sir W. Thompson and Ranki 
and Gianni us found Regnault's experiments sufficient to build up t 
wliole theory of therm o-dynumiea, he thougiit they should l>e aatia; 
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rwith those results. Mr, Taylor had made a remark at the end of hia 
paper regarding the relative cost of the engines. True, the coat per 
indicated horse-power of the tico-crank three-cylinder engine might be 
less than the cost of the ordinary compound engine, but he was quite 
certain that the reduction in coat indicated did not apply to the three- 
cylinder three-crank engine. A good deal had been said about piston 
valves. For his own part, ho thought there was very little known 
about the reHistance of piston valves. There was another point upon 
which Mr. Taylor bad not touched in hia paper — that was the (juea- 
tion of the size of the middle cylinder. He was asked repeatedly what 

I size he made the middle cylinder. He thought the simplest way to get 
the diameter of that cylinder was to make it a geometrical mean 
between the other two : thus — Let a, f>, and c represent tlie three 
cyliaders in sequence and make r = ^ 
.-. b = ^~^ 
or let the first cylinder = 20' and the third 54" diameter, then 
diameter of second cylinder = s/('20 x 54) = 33'. 
Mr. Lewis said the data which Mr. Taylor bad given referred to 
tbe whole year's work, and were, in his (Mr. Lewis') opinion, far more 
instructive and clear than any number of indicator diagrams could 
hai-e been. And, with regard to indicator diagrams, he would like to 
point out that the diagrams before them referred to the disposition or 
working of tbe steam in the cylinder only, and did not, in his opinion, 
^M represent the real horse-power transmitted through the shaft. He 
^H considered that if they were to ba\'e diagrams representing tbe actnal 
^H horse-power exerted by an engine, the diagrams should be modified in 
^H accordance with the ratio of length of connecting rod to crank, and 
^H they would then have a statement of the exact work passed into the 
^H shaft. He was quite sure that in a cylinder where tlie expansion was 
^^m very high, or where the cut-off mis considerably below 80 per cent,, 
^H the actual power transmitted into the shaft would lie very much less 
^H in proportion to the steam used than where the cut-off was later ; and 
^^V he considered it was in this respect the triple-cylinder engines had 
^^1 Buch an advantage over two-cylinder engines, since they allowed a 
^^K late cut-off and thereby much bett«r use of the steam in tbe cylinder. 
^^B An early cut-off, with 16-fold expansion, would give very little horse- 
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power at all. Any one could try this for himself by constracting the 
horse power diagram for the shaft itself, and comparing this with the 
steam diagram for the cylinder. Triple or qiiadruple-cylindor engbes 
were more favoumbly situated than two-cylinder enginc-e, becanse they 
allowed a later ciit-ofl", and yet gave a high expanaion, aud thus ga?e 
better results for the steam used. 

Mr. J. E. Heck remarked that he would like to say a few words 
explanation of the remarks that had been made about Mr. McFarlau 
Oray's paper. It had been stated that Mr, Gray had sent his paper to 
the Royal Society, but had not been granted permisBion to read it 
Mr. Gray certainly did send his paper to that body, and a reply 
was received that fuller information was required of the iarestigatioiiB 
before the paper could be accept«d. Mr. Gray had, however, read 
two papers on the subject before the Physical Society and the Institu- 
tion of Naval Architects, and had recently promised that he would 
publish a volume, giving the whole of hiB researches into thermo- 
dynamics. 

Mr. Taylor, on rising to reply to the remarks that had been mf 
concerning his paper, said it was a good thing to be told of 
" Seita's" engines, as a great many people — both north and soatli- 
seemed to consider that they had invented the triple espansit 
engine. He thought the greatest Btumbliug block in the way 
the earlier introducers of high pressure and great expansion 
they all went in for some extraordinary boiler ; and he took 
himself for tliis. that no one had ever put a cargo steamer to sea ^ 
a boiler of the ordinary type of construction, and carrying 150 
pressure, until he did it. Mr. Wallau mentioned Perkins' boiler, 
thought it might be improved : he (Mr. Taylor) did believe it 
be improved ; and he knew that the people connected with the P 
boiler were endeavouring to improve it so as to meet theordi 
requirements, which they found they must provide for if they 
the boiler ever to go to sea again. No doubt it would be a much 
boiler than the ordinary circular multi-tubular boiler ; but they mui 
forget, in designing a new fonn of boiler, that the ordinary boiler 
very hard to beat. Mr, Wallau also thought that the greatest ecoiioi 
was due to the increase of pressure. There was not a shadow 
doubt that an they iiicrensed the pressure they must get more oat 
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the steam if thoy used it properly. But he did not think that in two- 
cylioders they conld iise steam of 150 lbs. preaaure as economiially as 
they could in three -cylindcre, because they got their cylinder cooled 
from 40G degrees down to 298 degrees. It was no joke this difference 
in temperature ; the exhauet rushing away at 300 degrees, and the 
nest instant the steam at 400 degrees coining in, must be condensed, 
and they thus lost power. In the triple - expansion engine the 
cylinders could be kept at more nearly one temperature, not having 
a great range of pressure. He was quite satisfied this was the secret 
of the enormous drop shown on the cards of the Perkins engines. 
The engine with 150 lbs. pressure had almost the same initial prea- 
sure in tbe cylinder as the Perkins one with SCO lbs. There was 
really very little difference, and he considered it was simply due to the 
escessive range. Mr. Hutchinson asked about wronght-iron pipes. 
He had used wrought-iron pipes op to about 4^ or 5 inches diameter, 
he did not exactly remember which, and up to the present moment he 
had not known one of them to fail ; and he might say that he had 
one triple-cspansion engine that was built in 1877 or 1878, and up to 
the jireacnt time the boiler had never required one tube to be renewed. 
True, it was in a yacht, and sometimes was laid up over tbe winter ; 
hot they all know that a boiler laid up over the winter did not mean 
that it was saved all the winter. There was another point he men- 
tioned in his paper, namely, that at present there were very vague 
ideas about the necessary amount of heating surface, and cooling 
surface, and size of boiler, and size of engines, in proportion to the 
indicated horse-power. The two boilers named in the paper, the one 
with the 100 lbs. pressure and the other with the 150 lbs. pressure, 
were practically the same in efficiency ; for this reason, that the one 
had a low-pressure cylinder of 46 inches diameter and the other of 
40 inches. The heating Burfuce was made exactly in proportion to 
the low-pressnre cylinders. Tlio heating surface was arranged to 
be exactly equal, so that they might take the efficiency of the 
boilers as the same. That was how one was 1,G50 and the other 
1,400. He was told that the boilers must be heavier; but they 
had reduced the heating surface from 1,G50 to 1,400, they bud 
reduced the diameter of the boiler from 12 feet 9 inches to II feet 
( inches, and reduced the length from 10 feet fl inchea to 10 feet; 
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and if ihcj calculated the weights of the two boilers (at least ibis 
his calculation) they would find one was five per cent, less weight 
the other. They had certainly increased the thickness of the sheD in' 
the ISO lbs. pressure boiler, but they hiid reduced it 13 inches in 
diameter and 6 inches in length, and all this roust tell ; and the very 
fact that they bad reduced the boiler must reduce the space consider- 
ably, and yet get sufficient for all practical purposes at sea, The same 
way with the weight of the engine. He knew they bad added another 
cylinder, and that meant weight ; but they had reduced the cooling 
surface 15 per cent., and that meant that not only the number of 
denser tubes was reduced, but they could reduce the shell of tba 
condenser independent of the weight of water they carried. Tfa^, 
only required the cooling surface in proportion to their low-preBsupej 
cylinder. If they reduced their low-pressure cylinder, everything coDid. 
be reduced in proportion. Aa far as the crank-shaft was concerned, 
was wondered why he had reduced that crank-shaft. He reduced tfr; 
according to his ideas at the time he designed these engines ; ho 
reduced the shafts in proportion ; and he was ghid to say this, thaf 
had not had one crank-shaft to renew, they had not had one crank-ahaft! 
bearing to renew, nor bad they had a connecting rod bearing to rcnei 
in the triple-expansion engines. So, at least, it might be said that 
diameter of the triple-expansion engine-shaft was sufficient even if 
had been rather liberal with the diameter of the ordinary compouod^ 
one. Mr. Weigbton asked what was the meaning of Mr. flray's stated >] 
ment that the theoretical efficiency of heat in the cycle steam-enj 
was greater than expressed by temperature range divided by abeoli 
temperature. He thought it wiis very clear he meant the absoli 
range divided by the absolute temperature, so as to give the eilicie] 
in the ordinary way. A gentleman usked him why he did not gii 
the consumption per indicated horse-power ? As an engineer, 
thought that was a most difficult thing to give. On the trial trip th< 
might get 1,000 indicated horee-jrawer; but when the ship went 
her voyage she would probably be working at about 600 indical 
horse-jiower regularly. If they took the coal she regularly burned 
her voyage, and dealt with 1,000 indicated horse-power, they got 
remarkably good statement ; but if they dealt with GOO tndicat 
horse-power, they got one which they did not care to tell all thi 
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ftrienda about. There was that difficulty ; and he thonght the beat way 
to get over it was to take the hours steamed, and the knots steamed, 
and the coals bought. If they got the hours steamed and the knots 
steamed, so as to get the mean speed, and the coals bought, they 
conld rely pretty weU upon the indicated horae-power being somewhere 
nearly equal in the two ships. The two steamers were built by Messrs. 
T, & W. Smith, and might be taken to be practically the same. Each 
had the same freeboard, and It was tlie custom of the owners to load 
them down to that freeboaid. In conclnsion, he thanked them for 
the manner in which they 1^ listened to and discussed his paper. 



The Ceairuan proposed a vote of thanks to Mr, Taylor for his 
interesting and instructive paper. Mr. Taylor hud most Buccessfully 
introduced the three-cylinder engine. For his own part he thought 
there would be much further prt^'ess in that matter. Whether it be 
in four-cylinders or in other directions, certainly there would be pro- 
gress. It would be interesting, he was sure, to all the engineers pre- 
sent to read Mr. Seaton's remarks at the Institution of Naval Archi- 
tects, as they would appear in the engineering papers. Mr. Taylor 
bad also been very successful in the introduction of high presstirea, 
which was a very important matter indeed. But, as Mr. Taylor had 
BO very clearly brought out. It was not so much a question of high 
pressures as the careful usiug of the pressures they had got and the 
quantity of heat absorbed in the attainment of these pressures ; not 
only the quantity of heat that appeared as registered hy the thermo- 
meter, but the quantity of heat about which they had yet much to 
learn ; because they must not forget that the temperature that appeared 
on the thermometer was not a record of the total amount of heat 
, contained in the steam used. There were 1,100 degrees of heat to be 
dealt with, which, as yet, they Iiad not been able to recover or utilize 
in the recovery. If that could be done it would be a very great gain 
to the community at large. He had very great pleasure in proposing 
a m(Mt hearty vote of thanks to Mr. Taylor for his very valuable 
paper. 

The vote was heartily nccorde<l. 
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TsB object or bringing before you the followin": paper is to compare 
the vnriation of the twisting momenta, acting on the crank shafts of 
different types of marine eoginoB, hy diagraraa of combined twisting 
^L moment curves as calculated for each cn^e. 

^B In the first place, a short description of ihe method of constmcting 

^1 curves of combined twisting moments may, possibly, not he out of place. 
^H In the case of a single cylinder engine, of which you have the 

^B actual indicator diagrams, or theoretical diagrams ailcnlated for the 
^1 oonditiona under which the engine is to work, such as shown in Fig. A. 
^B The twisting moment on the shafi for any position of the crank, 



I fonnd by the formula, 
t where F 



(1) 

pressure in lbs. per square iuoii, measured on the diagram 
at point corresponding to the position of the piston for 



the respective ai^le of the crank. 
A = area of cyhnder in square inches. 
L = length of crank in inches. 
^ Bin {B + 0) 



which gives the leverage due to the obliquity 



of the connecting rod {vide Fig. B). 
M = twisting moment iu inch tons. 
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the crank, ^9 
, repreBeatfld^ 



The presaare on the piston (P) for any position oF the c 
the preesnre at the con-esponding positioD of the piston, represeatod 3 
by that due to the top of one card and the bottom of the other, ae 
shown in Fig. A, where the fill! lineg show the pressures on the down 
stroke, and dotted lines those of the up stroke. When compresaioD 
takes place there being a nugative pressure. 

The base line of the diagram of twisting moments in Fig. I 
represents the circumforeoce of the erank circle, and on equal divisionB, 
representing say every 20 degrees of angular advance of the crank, 
ordinatcs are set up to any convenient scale equal to the twisting 
momenta at the corresponding angle. A curve is then drawn throu^ I 
the several points. 

In the case of an engine with two or more cranks and cjliadei 
to obtain the combined twisting moments, the moments for each o 
arc calculated separately. The curve for the first crank is drawn | 
before ; the curve for the second crank is then drawn on the same h 
line, conunencing at the point corresponding to the angle its c 
makes with the first crank, as in Fig, 2 ; the curve for the third c 
is drawn in like manner, sec Fig. 4. The combined twisting n 
at each angle is the sum of the twisting moments acting on the eevf 
cranks at that angle. Fig. 'J explains the method for a oompoal 
engine with two cranks at 90 degrees. Fig. 4 explains the meth 
for a triple exjianBion engine with three crunks at liiO 

In the foregoing eiplanation the pressure of the steam on I 
piston ut any point, as measured on the indicator diagram, divided ^ 
COG 0, has been assumed as representing the pressure on the crank f 
at the corresponding position of the crank ; this, however, is by J^ 
means the case, but it will be considerably modified by the ineitial 
the reciprocating parts, and also in the case of vertical engines by 8 
deadweight of these parts. 

Let the angular velocity of the crank pin be assumed as nnifori 
and the friction be neglected. The reciprocating parts a 
the commencement of each stroke, and their velocity increases to, a 
is at a maximum at mid-stroke, and then gradually deo'eaees to ze 
the end of the stroke, when they are for an instant again at rest, 
acceleration taking place during the first half of the stroke is p 
by a pressure which must be deducted from the pressure of the a 
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on the piston, in order to obtain the actnal pressure on the crank pin. 
During the second hiilf of t!ie etroke, the motion of the reciprocating 
parts is retarded by the action of the crank pin; therefore, the 
ffioitientum accumulated durttig tlie acceleration is imparted as pressure 
on the crank pin, and must be added to tlie pressure of the steam on 
the piston in order to obtain the actual pressure on the crank pin. 

Therefore, though tlie total force acting on the crank pin during 
the Etroke is nearly equal to that acting on the piston, the distribution 
of the preBsurea is altered by the acceleration and retardation; i.e., 
the pressures on the crank pin are leas during the first half, and greater 
during the second half of the stroke, than those on the piston. 

From the laws of motion it can be deduced that the force neces- 
sary to produce the acceleration of the reciprocating parts of an engine 
of which the crank is one foot in length, and making one revolutitin 

■2 X ■0001S23 X SCO* ._, , „„. _ 
per second, = — — ^-^ x W = 1-227 x W (2) 

where W = the total weight in lbs. of the reciprDcating parts, 
"0001623 = the versed sine of an angle of 1 degree radius unity, and 
860 is the number of degrees traversed by the crank during one revo- 
Intion. Then if 

p = the equivalent pressure per square inch on the piston re- 
quired to produce the acceleration j 

A = the area of the cylinder in square inches j 

L = the length of the crank in feet j 

n = the number of revolutions per second ; 
_ W X L X n^ ><_ll227 . (3j ; 

r, to put it in a more convenient form, let N = the number of 

. , , W X L X N* X -00034 (4). 
iTolntious per nunote, then p = -j 

Ab p represents the pressure required U> produce the acceleration at 
; beginning, and retardation at the end of the stroke, the pressure 
Lfeqiiired at uuy intennediate point of the stroke is found by drawing 
a diagram as Fig. C. Here A B represent* the length of tlie stroke, 
or the length of the indicator diagram ; ordiuatea A C, B D, are set 
off at the beginning and and of A B, equa.! to p; join C D by n 
straight line, as for all practical purposes the variation in the valooity 
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of tlie piston at opposite ends of the stroke, caused by the obliquity 
the connecting rod, may be neglected ; Lhen it is Been that the acceli 
tion gradually diminiahca to zero at mid-atroke, when the retardatitn 
commencGB and gradually increaees tiU, at the end of tho stroke, it ii 
eqaal to the acceleratiuu. The pressurea on this dit^ram are Chi 
measured in tbc same manner as those on the indicator diagram, 
points corresponding to the position of the piston for the rcepeutivfl 
angles of the crank, and the corresponding indicator pressures decreased 
or increased respectively. 

In vertical engines these pressures are increased on the down stroke 
and decreased on the up stroke by the addition and subtraction of 

the total weight of tho reciprocating parts in Ibe. 
P Pi " the area of the cylinder in square inches. 

Having explained the general method of constracting curves ol 
twisting moments, the cnnsideration of the construction of the particular 
Cllr^■L■s which form the subject of the paper may be proceeded with, 

In accardance with the object in view, as laentioued at ths 
beginning, the construction of twisting moment curves of the fivB 
following engines form the boBiB of the paper, and arc considered 
affording a comparison of, practically, all the different types of vertical 
marine engines as made. Vertical engines only are dealt with. 
No. 1. — Single-cylinder expansive, 
„ 2. — Two-cylinder compound, two cranks, angle 90 dej 
„ 3. — Three-cylinder compound, three cranks, angle 



„ 4. — Three-cylinder triple expansion, three cranks, 

120 degrees. 
„ 5.— Three-cylinder triple expansion, two cranks, angle 
degrees. 
No, 3 is the type of com]x)nnd engine with one high-pressnrs 
cylinder and two low-pressure ; No. 5 is the type of triple eipansjoa. 
engine in which the high-pressure cylinder is arranged tandem orv 
the intermediate cylinder, both actuating the same connecting rod 
crank. 

Diagrams of the twisting moments for these five types ai 
tratttd, showing the curves as calculated in each case, withoat tal 
the inertia or deadweight of the moving parts into account ; and 
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the carves calcnletcd nith the alteration due to the deadweight, 
acceleration, and reLardation allowed for. It will be evident that to 
effect a correct cumpariaon betwten the different ly|)ea these oaleula- 
tions mnBt be made under eiactly similar conditions for each, as 
K^rds: — 

(1.) The total indicated horse-power. 
(2.) „ lei^h of stroke. 
(3.) „ „ conneciing rod. 
(4.) „ number of revolutionit per minute. 
(5.) „ terminal and back pressures in low-jiresHure cylindere. 
(6.) „ equal powers in each t-yliuder of each type. 
Sow, it would be manifestly next to impossible to obtain five 
sets of indicator diagrams (one set for each type) from actnal 
practice, which conformed to ihe foregoing conditions of similarity of 
terminal and back pressures, equality of powers developed in the 
several cylinders, and fiercentage of drop in the receivers, etc. There- 
fore, it has been considered by the writer that in order to arrive at a 
correct comparison of the twisting moments, the curves must be con- 
structed from theoretical diagrams calculated for each case in the same 
I manner, which, though it givis conditions that may never be arrived 
I at in actual practice, yet will give a correct compaTison and also the 
I maximum possible stress ; at the same time, to supplement tlie 
t theoretical examples, cnires from actual indicator diagrams are also 
^ innslratcd. 

The theoretical diagrams are all calculated (for the purpose of 
Ipuaking them as near to practical conditions as possible) to the — y* 
n PV~ 5 = constant, and the receiver pressures hy the 



mala / K x r, \ y where 

P = initial alwolutc pressure ; 

R = ratio of cylinders ; 

r^ = ratio of espansion in first cylinder ; 

r, = ratio of espansion in second cylinder ; 
i receiver pressures are assumed as constant during nduiissiou, 
llloivance for the effect of wire-drawing, release, and conii)r('ssion 
lieing made. 
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The terminal presaare in the low-preesiire cylinders is 10'42 Iba 
and the back pressure due to imperfei^ vbicuum is 4 lbs.; the i-attc 
of cjlindere and ratios of exfiaoBion in the cyliiidere of each exampi 
being calculated so hb to give e(|ual [lowers. On reference to Table I. 
in whtc'li the particulars of the theoroliciU and also the actual diagrsou 
&re tabulated, it will be aceo at a glance the conditions nnder wh)c) 
each example ia calculated. It will be noticed that the thcoretica 
initial abeolate pressure is 45 Ibe. in the single- cylinder example ; ii 
the com|>ound esaraplea, ] 00 lbs. ; and in the triple expansion examples 
165 lbs.; with totiil expansions of 373, 7'65, and 12, respectively, 
giving the same final terminal pressure of 10'42 lbs. 

The particulars of the actual diagranis are also given in Table I. 
They are not very fiivourable as a comparison with the theoretical, 
bat are the beat the writer could command aa regards equal powers in 
the cylinders of each type, which is a necessary condition for the com- 
parison. 

The calculations of the twisting moments from which the curves ilhifi- 
trated are constructed arc made from a modification of the furmnla as 
given before. As it ia not re<)uired to reduce the momouts to inch 
tonb, as would Ire necessary were we calculating for any particular size of 
engine, but a comparison of the el&ctH due to different initial pressures 
and distribution of the steam being aimed at, therefore, the areas of 
the cylinders and lengths of stroke and connecting rod are not taken 
in actual figures, but as unity, i. e., the radius of the crank is assumed 
as 1, the length of the connecting rod as four times the crank (which 
is the most usual ratio in marine engines), and the pressures in the 
cylinders are rednced to terms of an unit of one square inch of high- 
pressure cylinder. The formulte for the momenia of each cylinder 
thus become : — 

For the high-pressure cylinder ,.'. ... P x »» = M ; 
For the intermediate and low-pressure cylinders, P x R x m ^ M j 
where P = pressure measured on diagram ; 

R = ratio of cylinder to high-pressure cylinder; 
m = multiple as before ; 

M = twisting moment in pounds jicr square inch of h 
pressure cylinder. 
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It will be understood fh)m preriotis formulGe that the acceleration 
and rctardaliou of the moving parte varies accordiag to angular 
velocity, and not aixxirding to piston speed ; therefore, in calculating 
the curves sbowing the tiristing munieats with the acceleration, 
retardation, and deadweight taken into account, it has been uecessary 
to assume a certain length of stroke and number of revolations per 
minute, giving an angular velocity correapouding to an average pistun 
speed, 80 as to arrive at the pressures for the acceleration diagram. 

The oonditions assumed are : — Stroke = 42", revolutinna = 70 per 
minute, which equals a pision speed of 490 feet per minut«, the com- 
mon average. 

Now, the weight of the reciprocating parts must be reduced to a 
ratio of pounik per square iuch of cylinder area, bo as lo form an unit 
in the same manner as the rest of the calculations ; then usiug the 
fonuala given befoi'e (4) the prtssureB required for the acceleration 
and retardation are found to be ;i = 2'91 x ui, where w equals the 
ratio or unit of the total weight of moving parts in pounds, divided 
by the area in square inches of the cylinder. 
_ In Table II. are given the weights in pressures per square inch of 

^h cylinder or unit, and the pressures required for acceleration, etc., fur the 
^B nverol cylinders of each type. These ratios of Wf^ighLs are the means 
^B deduced fi'om a number of engines in practice of each ditlereut type. 
^H The ratio or weight w is also the pressure due to the deadweight, 
^H which is added on the down stroke and subatracted on the up stroke. 
^H The alteration to the diagrams which might be caused by the 
^Biacceleration, etc., of the pumps, is not allowed lor, since they may be 
^g oonsidered as forming un auxiliary condition applicable to cither of the 
cranks, or to all of tliem. 

In Table II!. are given the particulars and ratios of the curves of 
combined twisting momenta fur the five difTerent types of engines, as 
L calculated frum the theoretical and actual diagrams, both without 
I.taking the acceleration, etc.. into account, and also with the acceiera- 
I tion, retardation, and deadweight calculated. 

In the first three lines of the Table will be fomid the results in 
I pounds per square inch of hi g!i -pressure cyhnder, and a glance at tliem 
■will be sufficient lo show that they do not give a comparison such as 
jh at, but must be reduced to one scale to do so. 
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The writer has tabulated them in the hope that they may be found 
UBefal to facilitate calculatione. Thus, should it be desired to find the 
twisting moments for any given enginp of which the abnoluto initial 
preaaures and ratios of cylinders and expansions are approximately 
similar, it is only necessary to multiply the mniimum, minimum, or 
mean, as given in tht Table, by the area of the high-pressure cylinder, 
by the length of the crank in inches, and divide by 2,'J40 to get the 
required twisting moment in inch tons. m 

In the last six lines of the Table these results are reduced to oifl 
scale (that of the cumpound ungiue, two cranks, being 8elect«dj,|n 
give the comparison desired, and they correspond with the diagrams 
illustrated. 

It was stated before that one of the conditions under which the 
cur\-e8 are calculated was that the total indicated horse power 
developed be the same in each tyj>c ; tiierefon-, to reduce tliem to the 
stale of the^two- cylinder compound engine, the twisting moments, m 
in the first three lines of Table III., must be muliiplicd by the f 
which the sum of t!ic mean presNiires, reduced to the high-pre 
cylinder of each type, Ikbts to that of the compound cngiue ; sinc^ i 
give eiiualjudicated horse power, the total areas of cylinders will i 
in that ratio. 

The curves of twisting moments, illustrated in conjonctioa i 
Table. III., explain themselves, so as to retjuire very little &(»iij| 
writer. 

It will be seen that, though in calculating Che combined twistii^ 
moments for the puri>oBe of arriving at the strength of shafting in a 
given engine, the effect of the acceleration, etc., of the moving pans 
may be neglected, since the maximum and mean twisting momeut« 
and ratios of maximum to mean are not materially affe<ted. (See 
Table III.) Yet it is imperative to calculate this effect if we wish to 
determine the distribution of the twisting moments during a revoln- 
tion, and the consequent smootliness and efliciency of the engine, 
because, if the engine moves at all, same pressure is absorbed and given 
out by the inertia of its moving jarts. It is for the purpose of t 
phasising this point, that the curves and jiaTticiUars of the Q04 
accelerated,.prcsBarce have been drawn in each case, as well ■ 
accelerated ones. 
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H The effect of the acceleration and retardation is (aa in Fig, 1) to 
decrease the curve of moments at the beginning of the stroke, and 
increase it at the end. In the combined twisting moment curvcB this 
effect is more important In examples of the two-craiik engines than 
the three-crank engines. In the former it increases the maximum and 
ratios of the twisting momenta considerably (see Table III., and Figs. 
2 and 5). where the maximum of 93'2 becomes 96-85, and 92-1 
becomes 105'4. In the ihree-erank types the maximum remains 
practically the same, and the ratios nearly so. The reason of thia 
difference being, of course, that in the three-crank types, on account 
of the number of cranks acting at one time on the shaft, and the 
angles they are set at, the effect of the acceleration, retardation, 
and deadweight on the three cmnks is to connterbalance one another ; 
hnt in the two-crank types that is not the case, as during one part of 
the stroke the effect of the individual curves is to increase the com- 
bined curve, and during tiie other part to decrease it. For a clearer 
explanation refer to Figs. 2 and 4, where the separate curves for each 
crank are shown. Take any position of the cranks the same fur the 
two examples, say 80 degrees advance of the high-pressure crank on 
the down stroke. Now, in Fig. 2, the two-crunk type the moment of 
the high-pressure crank at that angle is increased, aud the moment of 

tthe low-pressure ci'ank is also increased, thus making the combined 
moment considerably greater than that of ordinary pressures. Again, 
in Fig. 4, the three-crank type at the same angle of the high-pressure 
crank, the moments of the high-pressure and intermediate cranks are 
increased, but the moment of the low-pressure crank is decreased con- 
Biderably, and thus connterbalaneea the other two, so as only to sUghtiy 
I increase the combined moment over that of ordinary pressures. 

Therefore, the accelerated curves are those upon which the com- 
ItparisonB between the different types are made. 

It will be noticed that the mean twisting momenta fur the different 
^.examples are practically the same, with the exception of example 
■ Ho. 1 (the single crank tyjie), which is considerably more in the un- 
3elcrated curves aud a little less in the accelerated curves, but it ia 
Bbardly necessary to compare it with the other types. Of the remaining 
I examples, Nos. and Figs. 2, 3, 4, and 6, the two-crank types, Nos. 2 
I'ftnd 6, are decidedly inferior when compared with the three-crank 
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typeB, No8. 3 and 4, as regarda the ratios of maiimam to mean, and 
the equality of the distributioE of twisting moments. lu No, 2, the 
curve of comhined twisting moments is at the minimniu at the com- 
mencement of the down stroke, rising dnring the first 40 dogrees of 
adi'ance to the maximum, then decreasifig u little, and, rising slightly, 
commences before the half revolution to gradually decrease below the 
mean tine, reaching the minimum near the end of the circle. In fact, 
the curve is almost entirely aiwve the mean line of twisting momenta 
during the down stroke or first half of the revolution, and below it 
during the up stroke or second half, showing plainly the tendency of 
the two-crank engine to transmit considerably more power through 
the shaft during one part of the revolution than the other. Thia will 
be corroborated by any one who has seen a two-crank compound 
engine revolve at slow speed. If the high-prtsaure crank be watched, 
it will be seen to move away easily from the beginning of the down 
stroke, but seems to keep moving with a struggle on the up stroke, 
eren, it may he, threatening to stop altogether as it gets to the top 
centre, but as soon as it gets over moves away again easily. Mo. S 
example presents generally the same features as \o. 2, but is even s 
wurse case, by reason of the sudden drop from maximum to the 
minimum at half revolution. 

In the three-crank types. Nob. and Figs. 3 and 4, the ratios and 
distribution of the twisting moments are (.■omparatively even and similar 
to each other. In neither of these examples have we a sudden rise to 
the maximum, followed by a curve continually decreasing to the 
minimum, as in b'ig. 2, nor a sudden drop from the maximum, as in 
Fig. 5 ; but the variations of the curves above and below the mean 
line of twisting momenta are sucli that practically as much powor will 
be transmitted during one half of the revolutiun as during the other, 
thus conilucinf; to the more even and smooth working of the engine 
as compared with the two-crank types. 

To emphasise this I might add that it was a triple expansion engina 
of the same type as No. 4 example, of which our esteemed President 
remarkeii in his inaugural address, that he had seen "to revolve 
smwthly and continuously and without stoppage, at 12 revolutions 
per minute, aud 1 believe this is a result not obtainable in a 
compound engine." 
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In the curvca calcalated from aotnal indicator diagr&EQS, and 
(jorreapundiug to Nob. and Figs. 2a, 3a, 4a, and 5a, the twisting 
moments are, as a matter of course, cousiderahly lower than in the 
theoretical curves. 'I'he mean twisting moments are, as in the 
theoretical examples, practically alike (see Table Ill.)i &ud the several 
ratios and diBtributions of the moments bear ont very fairly the com- 
parisons aa made from the theoretical curves. The two-crank types, 
XoB. 2a and 5a, are not improved on the theoretical, especially No- 5a, 
iu which the ratios are all increased considerably. 

With the view of illustrating the effect of the acceleration, etc., 
due 1 1 an increased number of revolutions on the curves of twisting 
momeutsof the oompound engine, type No. 2, and the triple expansion 
engine, type No. 4, eo as to enaliie a comparison to be formed between 
them at high speeds, curves for types Nos. iJ and i are illustrated 
in Figs, 6 and 7, respectively, calculated with an allowance lor 
acceleration and retaniation due to 100 revolutions per minute, which 
equals a piston sjieed of 700 (eet ^ler minute, a rather excessive speed 
for a vertical mercantile marine engine. The deadweight is the same 
as before. 

In the last two colnrans of Table III. are given the particulars 
and mtius of these combined twisting moments, and a comjiarison of _ 
the figures and diagrams (i and 7 with tlie former results for Nos. 2 
And 4, shows that, while the mean livistiug moments are practically 
aot altered, the maximums are increased, and minimuma decreased, 
id the ratios considerably altered, in both examples for the worae, to 

nearly the same extent : the ratios of ■ in No. 2, bearing 

^ mean 

nearly the same ratio to No. 4 as it does in No. 6 to No. 7. But 
if the diagrams are compared, it will be seen that the two-crank 
example has, ns before, the combined moments falling below the mean 
line during the second half of the revolution, while the curve in the 
three-cnmk example is still comparatively even in the variations above 
and below the mean line ; so that we may assume that a high number 
of revolutions may be resorted to, — for the purpose of giving a greater 
indicated horse power per ton weight of machinery, — with more con- 
fidence as regards the twisting moments on the crank shaft in the 
I triple expansion engine with three cranks, than in the compound engine 
hlritfa two cranks. 
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It might here be mentionud, by way of explanation, that, slthoi 
a high number of revolutions and coiiBequeut increased acceleiation 
pressure has a disadvantage ous effect on the combined twisting 
moments of an ongine, yet it has the reverse as regards the shocks on 
the crank pin caused by the initial presanrca in the cyhnders, bectttn 
the greater the acceleration pressure, due to the inertia of I 
moving parts at the beginning of the stroke, the less will be i 
pi'essure exerted on the crank pin. Figs. A and C explai 
Therefore, in a high speed engine, it is an advantaiie to keep b 
weights of the reciprocating parts as high as convenient. 

As another comparison l)etween the compound and the triple 4 
pansion engine, the cun'es illustrated in Fig. 8 are calculated i 
represent the twisting moments on the high- pressure crank of exampl 
Nos. 2 and 4, due to the initial steam line in the high^pre 
cylinder. 

It is BBSumed that the engines are at rest, and without any pre 
or vacuum in any of the cylinders or receivers. The cnn'es repi 
the twisting moments during the first stroke, due tfl steain 
admitted at the boiler- pressures of Hb ll)s. and 150 llis. respcctiTelyifl 
and they show that the maximum initial stress in the compouad engiai 
is greater than in the triple expansion engine in the ratio of 1-18, 

In conclusion, it may be inferred from the foregoing calcalatioi 
that, as regai-ds the efficiency of the engine, judged by the twietii^ 
moments on the crank shaft, the three-crank ty|je8 are the superior d 
the five types examined. Also the triple expansion engine with thi 
cranks, is undoubtedly superior to the compound engine with tM 
cranks, or the triple expansion engine with two cranks. So that D 
may hope, by adopting the triple expansion system, not only to havefl 
gain in decreased consumption of fuel by increased pressures, but fa 
also adopting the three crauk type to have an increased gain i 
efficiency of the machinery, and also in the life of the crank sliafte, ■ 
compared with the averse of the ordinary two-crank compouj 
engine. 
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TABLE I. 
Showing CoirDiTioys under which Calcflatiovs abb made. 





• • 


Thxorktical Dtaobaiib. 


Actual Diaobams. 


No. of engine 


1 


2 


3 


4 


6 


2a 


3a 


4a 
165 


5a 


Initial absolute pressure ... 


46 


100 


100 


165 


166 


96 


76 


165 


Total No. of expansions ... 


373 


7-66 


7-65 


12 


12 


• • • 


• • 


... 


• • ■ 


Terminal pressure 


1042 


10-42 


10-42 


10-42 


10-42 


• • • 


... 


■ • ■ 


. 


Total ratio of cylinders . . . 


• • • 


4 


51 


6-66 


7-06 


3-76 


3-88 


7-78 


7-8 


Ratio I^>rmediate ( 
H.P. S 


... 


■ • « 


... 


2-57 


1-8 


• • « 


• • • 


1-34 


1-95 


•^''"i^fpl 


• • • 


• • • 




2-59 


3-92 




• • • 


2-29 


4 


t 
















No. of expansions, H.P. . . . 


... . 1-9 


1-5 


1-8 


17 


• • * 


• • • 


• • • 


• • • 


Compression, H.P. in | 


1 1 


i 


1 


.l_ 










fraction of stroke \ 


S'3 625 


7 


1 1 


• • • 


• • * 


• • • 


. • . 


Mean pressure, H.P. 


22-76 61-2 


54-2 


83-9 


59-5 


39-4 


31 


731 


60H 


Ist receiver pressure 




• • • 


23-9 


39-2 


59-6 


86 


• • • 


... 


• • • 


• • • 


No. of expansions, I.P. 








• • • 


• ■ • 


1-86 


17 


... 


... 


• • ■ 


• • • 


Rate of compression 








• • « 


• • • 


4 


1 


• • • 


• • • 


• • ■ 


• • • 


Mean pressure, I. P. 








• • ■ 


• • • 


32-45 


4276 1 


• ■ • 


• • ■ 


22-6 


33-1 


2nd receiver pressure 








• • • 


• • • 


18-85 32-86 


• • • 


■ • • 


, , 


• • • 


No. of expansions, L.P. 








21 


33 


17 


2-8 


• • ■ 


• • • 




• • • 


Rate of compression 








1 


J 

5*3 


1 


I 


• • • 


• • 


• • • 


• • • 


Mean pressure, L.P. 








15-4 


21-2 


12-6 


19-2 


10*43 


15*5 
1 6'3 


10 6 


11-5 


Back pressure of condenser 




4 


4 


4 


4 


4 


• • • 


• • • 


• • • 


• • • 



TABLE II. 

Pkbssubss dub to Accblebation, Retabdation, and Deadweight op 

Recipbocating Pabts. 



Stroke 
P 



42 " Revolutions » 70 per minute. 

W ^ Total weight in lbs. 
A Area of cylinder. 

Pressure due to acceleration «> 2*91 y «o. 



No. of engine 


• • 1 * * * 


1 


2 


3 


4 


5 


1st cylinder 


■1" 


3-5 
1018 


8-26 
24 


6 
17-46 


11-6 
33-4 


22-6 
66-47 


2nd cylinder 


■••!" 


• • • 

■ • • 


276 

8 


2-6 
7-27 


6 
17-46 


■ • • 


3rd cylinder 


"•)P- 


• ■ • 

• • • 


• • • 

• • • 


« • • 

• « • 


2-6 
7-27 


2-5 
727 
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Mb. Maqnus Sandisos, in opening the discuaeion, said he was Bare 
that Mr. Sinclair bad laid before tbcm the resnlta of & greab amotmt 
of laboar and had shown very clearly the method of laying down 
a curve of twisting moments. He was pleased to note that ths 
eur^'cs showed a negatire value at certain points, as in laying down 
curves of tliat nature persons inexperienced in the work were apt 
to make the miatnke of measuring the prcasures from uncombined 
indicator diagrams, in which case the curve never falls below the base 
line, a result which is quite erroneous and misleading, and which 
Mr. Sinclair in his paper had eJearly pointed out. In detailing the 
conditions necessary for effecting a coiTcct corajwrison jjetween the 
different types of engines, Mr. Sinclair, on page 185, specifies equal 
powers in each cylinder of each type. He (Mr. Sandison) presumed 
thut in the case of the triple espansion tandem engine equal powers 
on the cranks was obviously what was require<l, as equality of power 
in the cylioders of this type would make the stress on the cranks in 
the ratio of 1 to 2. It was to be regretted they had not got the 
theoretical diagrams and the actual indicator cards before them, for 
the purpose of checking the curves for their own satisfaction. In 
Table No. I, coiumn 4, for the triple expansion engines, the mean 
pressure reduced to the low pressure cylinder was tetween 37 and 38 
pounds. This, he thought, was rather high. Of course, practice 
might vary. Again, the mean pressure, deducting four pounds which 
Mr. Sinclair allowed for hack pressure, gai'e an efficiency of some 
95 per cent., the 5 per cent., or whatever it might lie, being loss doe 
to compression, wire drawing, and so on. Mr. Sinclair's diagrams 
liBve evidently very square comers. They all knew that a curve of 
twisting momenta, no mutter how much it might vary up and down, 
was still a continuous curve. But looking, for instance, at the 
accelerated pressure curve for the low pressure cylinder, in Fig. 2, 
we find that the ends meet iu a sharp point or apex, which 
would never be the case in actual working. As far as they could 
judge by the eye there onght to be a decided hump, if he might be 
allowed tJie expression, between 0° and 30°, so as to make the curves 
join easily and smoothly into one another. Looking at all the 
diagrams, bo thought they might be modified in the same way, and as 
Hgy were to be banded down to posterity, he thought this ought to 

1 *«Kft 
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be done. There waa another point, and that was with reference to tha 
mean linea of the curves. For purgxiaes of comparison he thought it 
would have been more convenient if a uniform value of, say, 100 had 
been assumed for these mean hues, and the maximum and minlmiiiii 
values calculated accordingly. Id this connection, too, in Fig. 1, he 
did not exactly see why the mean lines did not coincide. He should 
like Hr. Sinclair to say something on that point, because he imagined 
that the energy given out during one part of the stroke and absorbed 
during the other, would be neutralised, and the two means coincade. 
He was not prepared to give an opinion upon the subject. 

Mr. W, A, F. Ceawfokd, in complimenting Mr, Sinclair for liia 
able and comprehensive paper, said there were several details in 
connection with the paper which he thought open to criticism 
and comprehensive as the paper was, he thought it might even have 
been more so. In treating of the different types of engines, it 
assumed, on page 132, that the angular velocity was uniform. He 
thought that this assumption was not correct, and that the friction 
ahould not have been neglected. If the radius vector of the crank 
pin passed through equal angles ia equal intervals of time, then 
the assumption that the acceleration was positive during the first 
half, and negative during the second half, was tenable ; but from the 
diagrams actually constructed, the acceleration shown did not justify 
the hypothesis. To show the variation of acceleration grapbicrily, 
he had made the horizontal base in Figs, i and 7 a circular one^ 
Plate XSJI., The ordinates in Figs. 4 and 7 becoming radiui 
vectors in Plate XSII,. it mil be seen at a glance where, and of what 
nature, the acceleration is. The friction in the one, two, and three- 
cylinder engines was very different. Tlie friction of the glands would 
be considerably greater for the same capacities of cylinders, as the 
number of cylinders increased, because the strength of the rods varied 
as the diameter squared, and the friction varied as the diameter and 
depth of the packing, and the total depth of the packing wonld be 
greater as the cylinders increased in number. For the same capacities 
the friction on the cylinder walls will vary as the square root of tha 
number of cylinders, thus, if there are 100 fraction units in the one 
cylinder, there will be 100 x .y 2 = 141 units with two cyliadei^ 
Bnd 100 X %/ 3 — 173 anitB with three cylinders; with four 
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cylinders |the friction vroold be donbled, and with nice cylinders it 
wonld be trebled, and bo on. Regarding Mr. Sinclair's stalenient at 
the end of the paper, that in high speed engines it waa advantageons 
to keep the weight of the reciprocating parts as high as convenient, 
this might be true on the hypothesis used, but in practice it was not so, 
particularly in the case of a horizontal engine in the ailer part of a 
Bteamship, where the inertia of these parts tended to move the ship in 
the direction of their motion, thus causing the ship to vibrate about 
its line of motion. It had been stated as remarkable that three- 
cylinder engines had been observed to run continuously at twelve 
revolutions per minute. Mr. Potts had seen a two-crank engine on 
the B.a. "Lutetia" run smoothly and continuously at eight revolutions 
per minute, the ship being at her moorings ; and he (Mr. Crawford) 
had seen a single-cylinder engine moniog under ten revolutions per 
minute regularly. 

Mr. James Patterson said, as to the advantage of increasing the 
weight of the reciprocating parts, he had never before heard it con- 
tended that this tended to reduce the shocks on the crank pina. 
If they supposed an engine without any weight in its reciprocating 
parts, and without any compression, they knew that at the end of 
the down stroke, and just at the commencement of the up stroke, 
there waa an inrush of steam at high pressure, which caused a blow 
on the crank pin. In practice they would have compression in tliat 
cylinder, and the effect of this compression waa that it greatly de- 
creased the shock upon the crank pin. It seemed to him that the 
effect of the weight of the reciprocating parts was to counteract this 
compression, and to do away with the good effect it would otherwise 
have ; and if the reciprocating parts were made heavy enough, the 
inertia would be sufficient to neutralise the pressure altogether. The 
steam would come in with full effect upon the crank pin and give it a 
blow. That was the way he looked at the question. Mr. Sinclair 
comes to the conclusion that the increase of weight is disadvantageous 
with regard to the twisting moment, but he, Mr. Patterson, remem- 
bered that Mr. Porter in his book on Richard's Indicator showed 
tliat an increase of weight tends to equalise the twisting stress, 
especially in a single-cylinder engine at high speed. A gentleman 
had talked about the number of revolutions an engine had been known 
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to go. He might s&j tbat Mr. JohnsoTi, chief engineer of the " Stirlin 
Cafltle," told hiiu that the engines of that boat had worked steadif 
down to three reyolutiona, 

Mr. W. Clark said, he did not rise to criticise the rcsn]t of Ui 
laborions calculations which Mr. Sinclair had made, not having hi 
an opportunity of studying them, but to make an ol)servation on tl 
statement made by Mr. Patterson, viz., that " lie thought that if UJ 
Sinclair had proceeded by the method given by Porter, in his book c 
the Indicator, he would not have found the accelerating and retardiq 
effect of the inertia so great." Now the manner in which Mr. SincI 
had investigated the effect of the inertia on the reciprocating parts a 
the engine was the precise manner in which he remembered reading i 
manyyearsagoinaboolcby Mr. Porter. He had recognised the formnl 
from which Mr. Sinclair had made bis calculations. It proceeded npofl 
the assumption that the acceleration, whilst moving through oa 
degree, was uniform, which was precisely the system adopted by 1 
Porter in his investigations, and which, of course, is not correct, 
he could take exception to anything about that paper, notwithstandj 
its laborious method, it would be owing to the system he bad adopted 
He thought that Mr. Sinclair might very easily have adopted i 
much simpler formula, with the advantage of being more t 
He would point out tbat Mr, Sinclair had, in Fig. A,, drawn th 
line representing the prcBsures due to the inertia as a straight lini 
He was not aware that anything in this paper showed that th 
prcEsnres due to the inertia of the moving parts were represented fa 
this straight Une at all. As a matter of fact, by a more rigii 
examination tlie e'|uatiou of the curve was shown to be a stratghl 
line, but Mr. Sinclair said nothing in his paper to show itg 
neither did Mr. Porter in his estimate of the work done by tha 
reciprocating of the moving parts. The fact of the obliqnity of t 
connecting rod being neglected would show the curve to be symmetrica 
with respect to the axes, hut he could not see that it oould be a 
to be a straight line. 

Mr. Allisok thought tbat Mr. Sinclair had done his work i 
m&rkably well. As for making curves, be must just put them whem 
the pressure went. If Mr. Sinclau* had got them correct, they cooJ 
not be altered to make them exactly sbip-fihape. But he would ooi 
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aider the real maiimum twisting atresa on the crank shaft to be at the 
moment when the engines were suddenly bronght np, or running at a 
high rate of speed, such as eiperienccd when racing at sea in rough 
weather, or other cause. This might have been bronght forward in this 
paper with advantage. 

The President said he thought that members would not mistake 
the object of tliis pajicr. It was not his business nor his duty to reply 
to Mr. Sinclair's paper, nor to the criticisma which members had 
offered upon it. Mr. Sinclair was capable of doing that Jiimself. It 
must not, howei'er, be forgotten that Mr. Sinclair in no part of his 
paper, directly or indirectly, claimed any novelty for the oalcuktions 
ho had made. He had made use of existing formnlEe which were open 
to everybody, and the only thing that Mr. Sinclair claimed was to 
hare put before the members, in a graphic furm, the stresses on cranJc 
shafts of different tj-pes of engines. This question was receiving 
a considerable amount of attention at the presctit moment. Mr. 
Sandison criticised the mean pressures on the diagrams. All that was 
good criticism ; but as long as the same " Hieoreiical" diagram was re- 
tained throughout the series, it seemed to him that the object aimed 
at in the paper had been attained. It seemed to him that the most 
interesting part of the paper lay in the last page but one, in 
which Mr. Sinclair assumed it to have been proved that the triple 
expansion engine, on three cmnka, was that particular type which gave 
evidenceof giving the least and the most even twisting moment on 
the crank pin. He showed the effect of high speed, and argued 
therefrom that with the triple expansion type of engine a higher 
speed of pistou and a greater number of revoliitions could be employed 
than in the ordinary compound engines. If in these days of com- 
petition, by the adoption of this particular type, they could reduce the 
weight of their engine, and consequently the cost, then economy would 
be effected in this direction, and a great gain would be the result. The 
bringing prominently forward of that single fact was worthy of such 
a paper as they had listened to that night. He did not know that he 
was competent to diseusa the details of the paper, but he should be 
very glad if any geutlemau had any further remarks to make. 

Mr. Sinclair, in. replying to the discussion, said, in reference to 
Mr. Sandison's remarks as to the desirability of laying the thoorettc&I 
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and indicator diagrams before the membera, perhaps it might haw 
been better to have done bo, but he did not bk they were abeolntdj 
necessary, as he had tabulated suIEcienl data to enable 
member to lay down at least theoretical diagrams for themselves 
The mean pressurea, as Mr. Sandison pointed out, were tmdoubtedlf 
high, but, as stated in the paper, the figures were constrncted Tir 
eomparative purposes onlif. The mean valuea were also high, but tfaajr 
give the maximum possible stress. He must admit that the curves did 
not come in very well at the ends, but had they been calculated for 
every separat* degree he thought they would find that the curves i 
out more irregular than those illustrated. What he was afraid he would 
have been brought to task for, was for having showed them too (air. 
Mr. Sandison was slightly wrong when he said the mean lines 
Fig. 1 should coincide. 

Mr. Sandison here remarked that on this point he merely asked 
for information. 

Mr, SiNCLAiB continuing, said that when acceleration, 
tardation, and dead weight were all considered the mean lines would 
not coincide, if they did not take the dead weight into account they 
would do BO, the weight added on the down stroke and deducted 
the up stroke, caused the difference. The variation in the velocity 
was not unilorm, he knew, but to go into it carefully would han 
required a great amount of labour, which, seeii^ that he was working 
for comparison, he did not think was necessary ; were he calculating 
the twisting moments for one particular engine only, he would take th« 
variations in velocity into consideration. The initial pressure of the 
steam could not cause a shock on the crank pin if the weight of the 
reciprocating parts were so heavy, that the force dne to the steam would 
be absorbed by the inertia of these parts before acting on the pin, vix., 
if in Fig. C, AC is equal to the initial pressure. Of course, were 
there any play on the brasses a shock would occur. 

Mr. Clabk here remarked that if Mr. Sinclair had proceeded upon 
the principle given in Mr. Porter's book, he would have fouDd that 
this was not the case, or not the case to the same extent. What waa 
in the paper wea precisely Mr. Porter's system, adopted by Mr. Sinclair. 
It might have belonged to someone cIbc before Mr. Porter, but as ha 
had mentioned, it had been written by Mr. Porter upwards of sixteen 
years ago. 
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Mr. SiNOLAiB then went on to say, that as regarded acceleration 
at high speeds, he had shown it at ordinary and excessive speeds, and 
when racing he would expect it to appear higher than in Fig. 6. The 
friction taken up hj the motion bars was very small, in fact, the 
maximum amounted to less than three per cent. When he commenced 
the paper, it was for the purpose of forming a comparison, but had, 
as he went on, tabulated his results, in the hope that they might be 
useful f qr reference. 

The PfiKSiDEirr said they might congratulate themselves upon the 
series of papers they had had during that, their first session. He 
would beg them now to pass a vote of thanks to Mr. Sinclair for his 
paper. 

The vote was carried by acclamation. 



NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



FiEST Session, 1884-85. 



MINUTES OF PROCEEDINGS. 



The Opening General Business Meeting of the Institution was held 
in the Hall of the Literary and Philosophical Society, Newcastle-on- 
Tyne, on Thursday, November 20th, 1884, at 7.30 p.m. 

Mr. C. W. Hutchinson, the Chairman of the Provisional Com- 
mittee, in the chair. 

The Chaiehan declared to the meeting that, as the result of the 
ballot among the Members, the following had been elected Officers of 
the Institution : — 

Prendent. 
W. Boyd. 



Vice'PrenidetUt, 



W. J. Clabk. 

C. W. Hutchinson. 

F. C. Mabshall. 



W. RiCHABDSOV. 

R. Thompson. 
W. H. White. 



Honortiry Secretary. 
W. G. Spbncb. 

Honorary Treaeurer. 
B. G. NiCHOL. 



Councilmen. 



W. A. F. Cbawfobd. 
J. Dabnet. 

B. DOXFOBD. 
G. B. HUNTBB. 

J. H. Ibwin. 
J. Laino, Jun. 
H. Macoll. 



I. Mayob. 

A. B. Maokintosh. 

J. Pbicb. 

R. SiNCLAIB. 

H. F. Swan. 

A. Taylob. 

P. D. Winbtanlby. 



J. Wbib. 
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Mr. F. C. Marbhall mOTCd a vote of approval of the mode of 
election. 

Seconded by Mr. H. Charltom. 

Carried unanimouBly. 

The Ohaibman then formiJly handed over the Institution to I 
President. 

Mr. F. C. Marshall proposed a vot£ of thanks for their bi 
in founding the Institution, to those members of the Provisioi 
Committee who had not been elected on the Council cif the Inatitnt|| 
viz., W. G. Ureeu, F. T. Hansen, T. Millar, W. J. Milne, ] 
Stephenson, J. C. StivKaker, and T. E. Williams. 

Carried with acclamation. 

The Prebidest invited discuBsion on the following draft of ti 
proposed Constitution as submitted by the Provisional Committee. 

"MEMORANDUM OF PROPOSKD CONSTITUTION OP THE NORTHi( 
EAST COAST INSTITUTION OF ENGINEERS AND SHIPBUILDESf 

Thk Objects for which this Institution is being formed are *■ 
To hold meetings for the Reading and Discnssion of Papers connec 
with the Science of Engineering and Shipbuilding ; to facilitate ti 
exchange of ideas and information amongst its members, and to place 
on record its transactiooB. 

The Institution shaU consist of Members, AssociateB, Gradnatee, 
and Honorary Members. 

Members shall be Principals, or Principal Managers engaged in 
Engineering or Shipbuilding, Ci^il, Military, or Mining Engineers « 
Naval Architects, whose Subscriptions shall be Two Guineas ; 
Annum ; and other persons engaged in the above profeasiona, win 
Snbscription sliall be Half-a-Giiinea per Aonura, 

AsBOoiATES shall be such persons as are not strictly EuginecraJ 
Shipbuilders, but are connected with or interested in such pureni 
and are deemed by the Council to be eligible for Associate Memibere 
Subscription, One Guinea per Annum. 

Graduates shall bo persons under twenty-one years of 
engaged in study or employment to qualify themselves for any of ti 
above professions. Subscription, Five ShiUiugs per Annum. 

Honorary Mbmsbbs shall be such distinguished persons, enj 
in the above professions, as the Council may elect. 
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Any Member may become a Life Member by a single payment 
of Twenty Guineas, or any Associate may become a Life Associate 
by a single payment of Ten Gaineas. 

The Council shall consist of a President, six Vice-Presidents, 
fifteen Members of Council, a Secretary, and a Treasurer, 

The President, Secretary, and Treasurer shall be elected annually. 
Two Vice-Presidents and five Members of Council shall also be elected 
onnnally. 

The retiring Vice-Presidonts and Members of Council shall, at the 
end of the first year, be decided by ballot from the whole number ; at 
the end of tlie second year, by ballot from the number who have served 
two yeara ; and each succeeding year they shall be those who have 
served three years from their last election. No retiring Officer or 
Member of Council shall be eligible for re-election nntil one year afler 
his retirement, with the exception of the President, who shall be 
eligible for re-election for a second year, but, after two years' service, 
not again until after an interval of one year. 

Associates shall have all the privileges of Members, with the 
exception of voting and holding oflBce. 

The Meetings shall be held monthly, from about October to 
April each session, in Newcastle and Sunderland, as the Council may 
arrange." 



The name of the Institntion as "T)ic North-Kast Coast Institution 
of Engineers and Shipbuilders," was adopted. 

Mr. P. C. Mahhhai.l moved that the objects of the Institution be 
stated thus : — "The objects uf this Institution are the advancement of 
the science and practice of engineering and shipbuilding, and the 
interchange of ideas and information amongst its members, by means 
of meetings for the reading and discussion of papers relating thereto, 
^Und placing on record its transactions." 
m It was decided to leare the exact wording to the Council, 
I Mr. J, Patterson moved, as an amendment to the clause relating 
to the annual aabscriptions : — "That the subscriptions be lOs 6d. all 
round." 

Seconded by Mr. D. Myleb. 

The amendment ftmnd no further support. 
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Mr. J. BowB 8iigg0rt«d fiirt Oim be » il^ 
0Gripfcio&--8a7 of one guinea. 

Mr. H. F. Swiir moved '"Thai* the atbeoription of 
joining after this datq te two gnineas per anninii.^' 

Seoonded>y Mr. F. 0. ¥AB«BAT.Tfc 

After flome diacoflBion the motion was wifthdrawn^ 

Mr. AuEac Tatlob soggeated that AmootalieB abmild Ittve Urn 
power of voting. 

It was eventoal^ agreed to leave the matter far the ctonajdartitini 
of the OonndL 

Mr. J. Dabitxt inquired if .Dranghtamen ecofLcyBi in Bhipgfiidi 
would be required to aubeoribe as Navat Andiiteots? 

Mr. 0. W. BjmmiSBom eiplained that (mty ConaiiltiQg Hml 
Axohiteots waa implied in the daose. 

After an inquiry ftom Mr. J. Macophsbsov Qiust, 

Mr. F. 0. Mabshall moved ^ThatHoni^aiyMemben, AaaoGiiiitas 
and Graduates shall have all the privQ^ges of membera, wi& the 
eioeption of holding offioe and voting.'' 

Oarried unanimously. 

Mr. 0. W. HuTOHiNSON moved ''That each member be entitled to 
bring a friend to the Inaugural Meeting and to each of the Monthfy 
Meetings during the present Session." 

Seconded by Mr. H. F. Swan. 

Carried unanimously. 

The meeting closed with complimentary yotes of thanks, and a 
vote of thanks to the Committee of the Literary and Philosophical 
Society, for the use of the Lecture Hall. 



The Inaugural Meeting of the First Session of the Institution was 
held in the Lecture Hall of the Literary and Philosophical Society, 
Newcastle-on-Tyne, on Thursday, 28th November, 1884, at 7*30 p.m. 

W. Boyd, Esq., President, in the chair. 

The Hon. Segretaey read the Minutes of the General Business 
Meeting, on November 20th, 1884. 

The President then read the lu 
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Mr. C. W. HUTCHINSOS proposed a vol* of thanks to the Pregident 
for his addreaa. 

Seconded by Mr. Robeht Thomson. 

Carried imaQimonsly. 

Mr. Wm. Clark, Mr. White, Mr. Stiekakkb and Mr, Marshall 
addressed the meeting. 



The First General Meeting of the Institution was held in the 
Lecture Hall of the Liteiiiry and Philosophical Society, Newcastle-on- 
Tyne, on December 22nd, 1884, at 7-30 p.m. 

W. BoTD, Esq., President, in the chair. 

The Pbesident read a letter from Sir W. G. Armstrong intimating 
his acceptance of the first Honorary Membership of the Institution. 

Mr. W. H, White then read a paper on "The Speed Trials of 
Steamshipa." 

A discussioQ followed the reading of the paper. 

The PREBIDENT proposed a vote of thanks to Mr. Wliile for his 
paper. 

The motion was (larriod by acclamation. 



The Second General Meeting of the Institution was held in the 
Lecture Hall of the Subscription Library, Fawcett Street, Sunderland. 
on Monday, January 26th, 1886, at 7'3i> p.m. 

W. BovD, Esq., President, in the chair. 

The Minutes of the General Meeting of December 22nd, 1884, 
having been read by the Secretary, were approved of by the meeting, 
and signed by the President. 

Mr. Hensy Fowneb read a paper entitled "A Few Practical 
marks on the Forging of Crank Shafts in Iron and Steei." 

A diMueaiou followed the reading of the paper. 

A vote of thanks to Mr, Fownes for his paper was proposed by 
iVr. H. Maoti.1., and <»rried by aeelauiation. 
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The Third General Meeting of the Inetitutioii was held i 
Lecture Hull of the Literary and Philosophical Society, Newcaat 
Tync, on Wednesday, February 18th, 1885, at 7-30 p.m. " 

W. Boyd, Esq.. President, in the chair. 

The Minutea of the General Meeting on Monday, Janm 
were read by the Secretary, approved of by the meeting, and eign 
the Preaideiit. 

A paper by Mr. A, B. Long, on " Approximate Curvee of 8 
for Ships," was read by the Secretary, 

A discussion followed the reading of the pnper. 

A vote of thanks to Mr. Long for his paper was prop< 
FttssmsMT, and carried by acclamation. 



ewcaat 



An Entraordinary General Meeting of the Institution, to 
aider the draft of the Constitution and Byc-Lavrs, as submittc 
the Council to the memlKirs of the Institution, was held in the Ij« 
Hall of the Literary and Philosophical Society, Newcastle-on-l 
on Wednesday, March 4th, 1885, at 7-80 p.m. 

"W. Boyd, Esq., President, in the chair. 

The President, in opening the meeting, said, as at the fonns 
of the Institution in last autumn, the members were very grt 
indebted to Mr. Hutchinson for his services, and the labour he nn 
took in drawing up the draft of the Constitution, so now, latei 
the members, and especially the Bye-Laws Committee, were - 
greatly indebted to Mr. Hutehinson for the labour he had besto 
on the draft of the Constitution and Bye-Laws now laid before th 
He was sorry to say that Mr. Hutchinson would not be able to 
present at the commencement of the meeting, hut he believed 
would be there later on ; but, whether absent or present, he thon 
it was only right that record ahoalil be made of his services to 
Institution in this respect. He also said that the Constitution i 
Bye-Laws were laid before the members that evening as recommen 
tious of the Council, but that it was quite in the power of , 
mcml>er present to pmpose, in any uiic nf them, any altci-atioi 
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difioatiou that he might think fit. He would commence with 
;e 1, and go through the jVrticles of the ConBtitutiou seriatim, and 
if any member had any modifications to propose, he hoped he vfould 
he good enough to Bpeak. 

Mr. F. 0. Marshall said that hefore going on to consider the 
Constitution, he would suggest that the explanatory note on page 1 
be transferred to come in at the end of the section of Constitution. 

This was agreed to. 

Articles I., II., III., and IV. were adopted. 

Mr. M. Sandisos proposed as an amendment that Article V. should 
read as follows : — " Members shall lie Principals, or Principal Managers, 
engaged in Mechanical Engineering or Shipbuilding, Civil, Military, 
or Mining Engineering, or Naval Architecture, whose auhBcriptions 
shall be two guinaaa per annum ; and other persona engaged in the 
above professions whose subscriptions shall be half-a-guinea per 
annum." 

Seconded by Mr. P. Moek, 

On the amendment being put to the meeting it was lost, and the 
article was adopted as submitted in the draft. 

Articles VI., VII., VIII., and IX. were adopted. 

Mr. Maeshall proposed as an amendment to Article X : — " That 
the clause requiring Vice-Presidents aud Councilmen to retire at the 
end of three years be eliminated." 

Seconded by Mr. Swinburne. 

The Pbesident pointed out, by way of eiplanatton, that the 
clause was introduced to insure the introduction of fresh blood ; and 
also pointed out that the rule did not say they were not eligible for 
re-election at all, hut merely that they were not eligible for re-election 
until after an interval of one year. 

Mr. STiazAKEit remarked that if Mr. Marshall altered his amend- 
ment so as to make it compulsory for only Conncilmen lo retire, he 
would have a better chance of getting it carried. 

Mr. W. H. White supported the article as submitted in the 
draft. 

After some discussion, Mr. Marshall agreed to withdraw his amend- 
ment, and the clause was confirmed, 
L Articles XI., XII., XIII., XIV., XV. were adopted. 
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The consideration of the Bye-Laws wae then proceeded with. 

Mr. Stiezakbr proposed that clause 1 read — " The form shall I 
signed by a Member or Associate of the Infltitntion as propoaer, ai 
by at least other three Members or Associates as supporters," etc 

Agreed to. 

Clause 2. — Mr. Stirzaebr pointed ont that this clause m 
" Associates or Gradaates desirous of becoming Members, sliall 1 
proposed and recommended according to Form B in the Appendu 
The proposal so made shall be submitted to the Council, who s 
agree to or reject it." He wished to know if the recomraeudatia 
would be afterwards Bubmitted to a General Meeting of Members t 
thought the wording left the matter rather in doubt. 

The Pbgsident said that the clause was intended to say Uut t! 
question of Irajis/erfnce in membership would be a question for tb 
decision of the Council solely. 

Mr. W. H. White suggested that, to make the matter dearer, Q» 
words, " on behalf of the Institution," be added to the clause. 

After some discussion, it was suggested that the question ( 
transference from Gruduatcship to full Membership should rest solo) 
with the Council. In the case of an Associate wishing to become 
Member, application for admission as such to the Institution woul 
have to be made in the manner adopted for apfilicants for memberahi 
of persons who were not members of the Institution, as in Porm A. ] 
Append! s. 

To meet this view, Mr White moved " That the word ' Associa&i 
be Htmck oui> of clause 2." 

Seconded by Mr. Marshall. 

Carried unanimously. 

Clauses 8 to 10 inclusive were adopted. 

Clauses 11 and 12. — Mr, R. L. Wbigbton moved as an amend 
ment, that clause U read thus: — "A voting list shall be prppat« 
under the direction of the Council, in accordance with Form M I 
Appendix. The list shall show who remain in office throughout th 
Council, and who are retiring. A copy of the list shall be forv 
to each Member and Associate (at least seven clear days before tb 
May General Meeting), together with a complete list of Members li 
be filled in, in accordance with the instructions printed on the ballol 



form, and may be roturned by post to the Secretary, or may be 
deposited in the ballot box by the voter in person, at the May meeting 
for the transaction of general businesB." Also that clause 12 read: — 
" A Bcrutiny of voting papers shall be carried out at the May meeting 
by two pcrsom Dominated by the Ohairman, and the result shall be 
declared by the Chairman. The newly-elected officers, after being 
declared, shall enter into office forthwith ; and this shall be the last 
meeting of the session." 

The PREsiDKNT said that part of what Mr. Weighton had proposed 
hod already lieen under discnssion at the Council meetiog, held just 
before the general meeting, and had in g> sense been accepted ; and the 
Council recommended that after the word Appendix the clause should 
read : " Such lists shall be presented at the general meeting immediately 
preceding the li^t general meeting of the scssioa, and any member 
present shall be at liberty to nominate additional names, a copy of the 
list to," &c., the rest to be as in the printed draft- 
Mr. WEicaTUN asked if it was intended to have the nomination 
and election in one meeting 7 

The PRESIDKNT explained that the meaning intended to be con- 
veyed was, that the Council would snbmit their nominations t« a 
general meeting, and that at that meeling any member present conld 
nominate addilioTial names. The voting hstfi, containing the whole of 
these names, would then be sent to each member, thus giving equal 
publicity to the nominations of members aa well as the nominations of 
the Council. These lists would then be returned to the Secretary, to 
be opened in the presence of the Council, and counted and scrutinized 
by them. 

Mr, R, L. Weighton said he still questioned the propriety of 
giving the Council a separate power of nominating. He thought the 
whole responsibihty of the transaction should be thrust on the whole 
body of the In^itution. 

Mr. Stiozaxee supported the clause as recommended to be altered 
by the Council. 

Mr. Wbiqhton agreed to withdraw the first part of bis amend- 
ment, but deaired to hold to the second part requiring the votes to be 
counted at the general meeting by two scrutineers appointed by the 
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Mr. F. C. UAnsHALL supported the voles being ooimted bj t 

Council. 

Mr. W, H. "White drew attention to the Bontence in the danH 
Baying, "and the number of nominations shall be two in excess of tba 
number required in each section of the Conncil." He wished to know 
if it was meant that no more than two in excess of the tnimber reijuired 
could be nominated ? He begged to move that it Ik altered to read, 
"and the number of nominations shall be ut least two in excess of the 
number required in each section of the Council ; " also, that the claiue 
end with the following words; "Any member, in voting, shall be a 
liberty to add or erase the names of any other member for electioiv. 
besides those already placed on the ballot list by the Oonncil aai 
members of the Institution," a note iudicating this to be printed at 
the Ballot Form M in the Appendix. 

Seconded by Mr. I. Ma von, and carried onanimously. 

The second part of Mr. ffeighton'a amendment did not find C 
seconder, and consequently fell through. 

Clauses 13, 14, 15, 16, 17, and 18 inclusive, were adopted. 

Clause 19. — Mr, Stirzakek pointed ont that the words, "when 
five members or aasociates, or both," admitted ofawrong construction^ 
and might mean five memtiers or five associates, or ten persons, hA 
recommended that the wording be, " when five persona being membaci 
or associates." 

It was finally agreed that the words, " or both," be expunged. 

Clauses 20 to 26 inchisive were adopted. 

Clause 27. — Mr. Stibzakbe inquired if the term "outside" mea 
outside the Institution ? If so, he thought it would Iw preferable to 
get the outsiders inside the Institution first. 

Mr. F, C. Uakshall supported the clause, giving the Conned 
power to appoint persons oatside the Institution on special committees. 

Mr. Stibzaeer did not pi'ess the amendment, and the clause v 
adopted. 

Clauses 28 to 34 inclusive were adopted. 

Clause 35. — Mr. W. H. White moved as an amendment " that 
the words " must be written in the third person, and be omitted. 

Seconded by Mr. E. L. Wkighton. 

Carried. 
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Clanses 36 to 45 inclusive were adopted. 

Clause 46. — Mr. W. H. White oaked if, by clause 4f>, the discas- 
sion on a paper couid be re-opened without consultation with the author 
of the paper? also, re-opening the discuBsion of a former paper might 
come to sometimes postponing the reading of a paper set down for a 
particular evening ? 

The Peesidbnt said the Council would only sanction the re-open- 
ing of a discussion provided they saw their way to malce some arrange- 
ment. 

Mr. White said it seemed to him the par^raph might canae 
trouble. A member wishing to re-open a discussion might read a 
paper on the subject. 

The PttESiDENT said he might not get the paper accepted. 

Mr. F. C. Makshall thought the case was met by the clause say- 
ing, " provided the Council decide to inclode it in the notice of that 
meeting as part of the business to be transacted." 

Mr. White proposed that clause 46 be omitted from the Bye-Laws 
altogether. 

Seconded by Mr. F. C. Marshall, 

Carried unanimously. 

Clauses 47 and 48 were nambered 46 and 47, and adopted. 

Forma A, B, C, D, E, P, G, H, EE, FF, J, K, and L, in Appendix, 
■ere adopted. 

In regard to Form M, the PBESlDEirr pointed out that the word 
not," in reference to the re-election of treasurer, was a clerical error, 
and ought not to exist in the draft ; also, in view of the addition which 
had been made by Mr. White to Bye-Law 11, it would be necessary to 
add a foot-note (/). Ho thought they could not do better than adopt 
the words in the rules of the Mining Engiueers, viz., "A copy of this 
list shall be posted, at least seven days previous to the annual meeting, 
to every member and associate, who may erase any name or names 
from the list and substitute the name or names of any other person or 
persons eligible for each respective office ; but the number of persons 
on the list, after such erasure or substitution, must not exceed the 
number to be elected to tlie respective offices." 

The above modification to Form M was agreed to. 
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The Presidbnt then moved, " That the nonstitntioo and Bye- 
Lavs as DOW modiScd by the members be accepted s8 the Constitntuni 

and Bye- Laws of the Institution." 
Carried onanimoiLaly. 



The Fourth General Meeting of the Institution was held in thK 
New Assembly Hall, Sunderland, on Wednesday, March 18th, 1885, 
at 7-30 p.m. 

W. Boyd, Esq., President, in the chair. 

The Minutes of the General Meetings on February 18th and 
March 4th, 1885, having been read by the Skceetaky, were approved 
by the meeting and signed by the President. 

Mr. John A. Rowe read a paper on " Boiler ConBtruction and 
Preservation." 

A diacoBsion followed the reading of the paper. 

A vote of thanks to Mr, Eowe for hia paper was proposed by 
pBEsiDEmr and carried by acclamation. 



The Fifth General Meeting of the Inatitution was held in ( 
Lecture Hall of the Literary and Philosophical Society, Newcastle-on^ 
Tyne, on Wednesday, April 1st, 1885, at 7*45 p.m. 

P. C. Mahbhall, Esq., Vice-President, in the chair. 

The Minut«8 of the General Meeting of March 18th, havin;; i 
read by the Secretaby, were approved by the members and aiga^ 
by the Chairman. 

A paper on " Triple Expansion Engines" waa read by Mr, Alkx- 
ANDEB Taylor. 

A discusaion followed the reading of the paper, 

A vote of thanks to Mr. Taylor for his paper was proposed by ttn 
Chajhman and carried by acclamation. 




The Sixth General Meeting of the Institntion web held in the 

dure Hall of the SubBcriptiou Library, Fawcett Street, Sunderland, 
on Wednesday, April 29th, 1885, at 7-30 p.m. 

W. BoTD, Esq., President, in the chair. 

The Assist ant-Secretahy having read the Minutes of the General 
Meeting on April 1st, 1885, they were approved by the meeting and 
signed by the Chairman. 

Messrs. Laing and Mavor were appointed scratineers to examine 
the ballot of the applications for membership approved by Connoil 
at their meeting of Monday, April 20th. Tho result was that the 
following were declared elected : — As members — Messrs. C. W. Taylor, 
Oscar Gad, Frank Callis, T. D. Widdaa, T. W. Smith, Henry Foster, 
and J. W. Donovan ; as graduates — Wm. Reavell, J. T. Wilson, and 
J. M. F. Tone. 

The PitesiDENT having read the list of retiring officers, and also 
the list of noroinationB for the vacancies aa proposed by the Council, 
called npon the members to odd any further nominationa they might 
consider necessary. 

LIST OF OFFICERS EETIRINO IN TIETUE OF CONSTITUTION. 

Prfidvnt—Vf. BoTD. 

rice-Frttidmlt — WioHAH BiCflAKDHOH Aim RoBT. Thohfbok. 

Eetiring Trcanrm—li. O. Nicaoi,. 

Stliring CoimciVmnt— J. Daeket, R. DorFOBD, Q, B. HtntTBB, J. Pkicb, 

4NB J. Weib. 

NOMINATIONS OP THE COUNCIL FROM WHICH TO SELECT NEW 
OFFICERS. 
At Prendtnl—Vl. Boyd. 
'iet-Prttidt^tn-A. CooTB, W. T. DoifoBD, C. Mitchell, and J, Phioe, 

M Eon. Trtamrer—K (i. Nichol. 
r CoHndlnifH — J. AiTCHiaoM, J. Bbocsat, A. E. Loko. W. G. SpBiroit. 



J. C. STIHZAEKB, R. THOMPaON, AST) R. L. W 

Proposed by Mr. D. Myles :— " That Mr. James Patterson be 
Wed to the list of nominationa for councilmen." 
Seconded by Mr. W. R. Cummisbs. 



166 



Mr. Patterson's name was accordingly added to the list. 

Mr. RuasELi. Sinclaie then read a. paper on " The Twisting 
Moments on Crank Shcifla of Different Engines." 

A discussion followed the reading of the paper. 

The Peesident proposed a vote of thanks to Mr. Sinclair for hii 
paper, which was carried by acclamation. 

The Chairuas, in cloaiog the meeting, congratulated the j 
bers upon the Buccessful close of a successful sesaion. 



The Closing Business Meeting of the Institution for SesioB 
1884-5 waa held in the Lecture Hall of the Literary and Philosophical 
Society, Sewcastle-on-Tyne, on Wednesday, May 13th. 1885. at 7-45 
p.m. 

W. Boyd, Esq., President, in the chair. 

The ABSI3TANT Sbokbtabt hanng read the rainutes of the Generd 
Meeting on April 30th, they were approved by the meeting, and 
BJgned by the Secretary. 

The Phbbidbnt having appointed Messrs. MacoU and StirsakeC' 
to examine the ballot for applications of membership made at tbs 
meeting, declared the folloning applicants, as submitted by the Coonofl,, 
had been elected i — 

AS MEMBERS. 
Bittleiton, W. H., Oeneral Steam Navigation Co., Lombard 

Street, Lciniton. 
CoDuing, A. C. Uunston Forgi>, DnDston. 
l);k«a, J., 107, BeuwtiBlield Street, N'en-caatle. 
Davie, A. O., IS, Aioles Terrace, Sunderland. 
EcliDiano, J., SanderUnd Engine Works. 
KUiott, Consitt, 4, Suffolk Street, Simderlind. 
Hunter, J. W., 36, BUodford Street, Sunderlanil. 
JohmoD, J., BD. Dock Street, Sanderliiad. 
Kirtley, J- T.. 4, W.rd Street, Sunderland. 
Liddlc, G., 00, Frederick Street, Soutli Shioldj. 
Robiiuon, W., 6, Chupiiin^n Street, Nowcssttu. 
Sutherland, W., Suiidcrland. 
^ ,.. ... WMgli, U. V,'., MoultiieaUin. 




AS GKADUATES. 

AnniMn, J. G., 52, Pilgrim Street, SunderUDd, 
Barrow, T. P., 27, Dock Street, Sunderlatid. 
Bawmui, R., SI, Dundu Street, SnndccUnd. 
Broim, T., 12, Grace Terrace, Stinderlnnil. 
Brown, R., 114, Kiiker Avenoe, SandcHand. 
Carpenter, F.. 23, De Orey Street, Newcastle. 
Common, F., 13, Tavistock Place, SiinderUnd. 
Crosby, J., 1, Randolph Street, Snndarlaiid. 
Davie, W. A., 16, Azalea Terrace, Sunderland. 
Dickin»oii, F., Pack Hqubc. Sondarkrid, 
Fairburu, J., 11, Horatio Street, Snnderlaad. 
Oibbina, W„ 17, St. Vincent Street. Sunderlund. 
Hamilton, Q., 76, Dandan Street, )innder]an<L 
Harding, B., 9, Fraralinpon Place, Newcastle. 
Henshall, S., 24, Crowtrei> Road, Sunderland. 
Horner, J., 22. Mnrtoii Street, Sunderland. 
Kennedy, W. J., 107, Low Street, SnnderUnd. 
Keene, H. R.. 126, Park Road. Nexcastle. 
Landrcth, E., 26, Dock Street, Sunderlacd. 
Mnddison, 0. D., 9, S^em Avimue, Sunderland. 
Metealf, T., JuD., 6, DcDdas Street, SanderlaDd. 
Hilbum, J. W.i 6, Aialea Terrace, Sunderland. 
Uilne, T.. 41. Additon Street, Sunderland. 
Moir, A. E.. 96, Koker Avenue, Sunderland. 
KeUon, H., 80, Dundns Street, Sunderland. 
Newton, W. A., 7, Victoria Terrace, South BhieldB. 
RaEoahaw, G., 31, Barclay Street, Sunderland. 
Scott. H., 47, Uainsfortb Terrace, Sunderland. 
Shielli, J., 33, TuQstaU Vale, Snnderland. 
Buiiles, R., 10, Gibson Torraco, Suuderlaiid 
SpeocCT, P. G., 8, Victoria Street, tfeircastle. 
Stoddard, 8., 24, Milbum Street, Sunderland. 
Stained, W„ 28, High Street, SundorUnd. 
Thompson, F., 13, Chester Road, Sonderlaad. 
Toomer, C. R, 26, North Viuw, Heaton. 
Watun. A. R., 6, Westboume Road, Sooderbuid. 
Wardle, W., 62, Harrogate Street, Sunderland. 
Wheatley, J. J., 6, Garden Place, Sunderland. 
Wiseman, H., 5, Dock Street, Sunderiand. 
Yonngar, 0., E2, Victor Street, Sunderland. 



The PsEsroENT then declared, as the result of the ballot for offimt, 
Chat the following genblemen had been elected to the vacaat ofBoee:— 

NetB Prttid<mt—yi . BOYB (re-elected). 

Sta Vice-Pretidenit — C. MlICHBLL iUD J. PkICB. 

Kate Trtanrtr—^. Q. NlCHOt (re-elected). 

Nea CauntilmaH—J. Bbockat, W. T. Doxfori), W. O, Spbitcb, Robt. Tbokimv, 
AND R. L. Wbiohton. 

Proposed by Mr. Maoot.l, " That Mr. R. W. Siseon, of the finn of 
Messrs. Sisson, accountants, caiTfit^ on buBiness at CouDty Ohamben 
Westgate Road, Newcastle, be appointed auditor to the Institution." 

Seconded by Mr. W. Hotchisson. 

Proposed by the President, " That the thanks of thia InstitnliM 
be awarded to Mr. W. G. Speuce for his valuable services as HoDorar; 
Secretary to the Institution during the first year of its existeDCe." 

Seconded by Mr. B. G. NiCHOL. 

Carried unanimonaly. 

The President said there was one subject in connection with 
papers to be read before the Institution to which he would wish to 
draw their attention, namely, the desirability of having papers on 
practical as well as on strictly scientific subjects. At the inangunl 
meeting of the session, Mr. W. Clark had alluded to this subject, and 
pointed out the desirability of having papers on matters of piactiol 
interest in the workshops in which they were daily engaged. He (the 
President) would like to emphasise that point. He believed there 
were among them many men, who were quite capable of writing 
valuable papers on practical subjects and mattere of detail in connec- 
tion with the every-day work of the shipyard or workshop, who might 
not feel themselves justified in attempting a paper of a highly scientific 
character. The one subject required a different training and a different 
cast of mind from the other. He had, in his Inaugural Address, 
alluded to a few points which were well worth the attention of mem- 
bers. The first was with reference to materials of construction. Ha 
was quite sure a very interesting paper could be read by some pereon 
connected with a shipyard, where veaaela had been built both of iron 
and Btee), showing the different peculiarities of each material, and 
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various experience in their use. The second was with reference to 
economy of production in the different yards, parbicolarly in reference 
to the economy of transport or movement of material in the shipyard. 
He thought this was a subject on which they might have a very 
interesting paper and discussion. He would not further detain them 
on the subject, but would be glad if these ideas got spread among the 
members generally, so as to bear fruit in the coming session. 

Mr. W. H. White desired to propose a special vote of thanks to 
the President for his constant courtesy and his unwearied attention to 
the interests of the Institution. He could only say that if the Insti- 
tution succeeded and grew strong and healthy, as he believed it would, 
it would owe very much of that success to the care which their Presi- 
dent had bestowed on its earliest doings. It behoved them, therefore, 
to put upon the records of that Institution an expression of their 
thanks to the President for his conduct during that their first session. 

Mr. H. Macoll said he had great pleasure in seconding the 
resolution. 

Carried by acclamation. 

The President having thanked the members for re-electing him, 
declared the Session 1884-5 as closed. 
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241 Potta, Cutlibert, 1, Gibson Terrace. CLieiter Road. .Sundcrhind 
246 Pott*. John George. 8, Gladst-.ne Street. Snnderhnd 
346 Price, Joba, Mcurs. Palmcir k. Co.. Jarron 
217 Prince. Alfred, Kent Villa, Jarroiv 

248 Purdy, A. J., Willijigtnn Quay, Nen-coatle 

249 Putnam. T., Darlington Pi>rf;e, Darlington 

250 Pntuam, WUliam, Darlington Forge, Darlirigt<ni 

251 Ramaay, C, 2o, Leiueii Termce, Ncwcutle 
233 Ranklue, Jno., SI, Payne Street, North Shields 
263 Beadliead, R., Sea View, Sontb Shieldi 
2S4 Readhead, Ju., Argyle Terrace, South Shields 
2S& Reed. J. W., 49, Croft Terrace, Jarrow 
2b6 Ridley. J. C-, 3. Sumuierhill Grnve. Newcastle 
2fi7 Ridley. J. H., McHi^ R. &. W. Hawthorn, St. Pet^s 
258 Richardson, W., 81, Bnlingbroke Street, Ilmton 
239 1ticl>ard«>n. WigUam, Neptune Engine W.irks, Lotv IValko' 

260 Ripley, P. E., Hessn. Ranaome's, Sinu. Jc JelTeries, Ipanich 

261 Ritaon, M.. 3, Mi>wbniy Terrace, Sunderland. 

262 Robinion, B. A., 6, Argyle Street, Sunderiand 

263 Kobson, M.. 4, Dock Street. Monkweaminnth, Sunderiand 

264 Robeon, J. M.. eare of W. Wbvte. b, Luuibiird .Street. Nen-cwtlu 
263 Ron, J. A. G., 46, Grainger Street West, Novcsatle 
286 Rowe. J. A., 11, Spring Terrace. Ntirth Shiclda 

267 Rouell. tl. W.. 32. Dnriiam StrLi-t, Ne«caatlc 

268 Rowell, H., Jcsmnnd Gardenti, Nencaiitle 
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26S Ruaden, L.. 11, Mutlotoe Itond, Jeamond, Tfewnutla 

270 Ratter, Tb., 47, St, Mark's Road, Sunderland 

S71 Rutherford, T. A., 52, Harrison Street, Barraw-iD-Furness 

272 Saltnon, P„ 14, Aialea Tcmoe North, Sunderland 

273 SuidersoD, J., 31, Park Road, Jarrow 

274 dandiaon, H., 84, Park Road, NencsBtlo 

275 SchacSor, A. (i., 8H, Elilon Street, Noweaiitlo 

276 Scott, Ernest, Cloa^ Newcastle 

277 Scott, Wra., MeMrs. R. &. W. Hawthorn, St. Peter's 
2Ta Scorer, G. S., iieien. T. k Vf. Smith, North Sbielda 

279 Scotwn, Wd)., Lomingtoii Hall 

280 Sliand, H., 8, Ridlef ViUa«, NencuBtle 

281 Sharp, A. E., Albert Terracu, Jarcow 

282 Sharpe, W. L., 9, Tunstall Terrace. Sunderland 
263 Shaw. Jai., 24, Biyth Terrace. Oateshead 

281 Shaw. W. B., 49, Ryehill Newcastle 

286 Sheppard, W, 0., Mcsara. Shearer-a, PoHerj- Lnm 

286 Shevilt, W. H. S., Avenue Terrace, Sunderland 

S87 Short, J. Y., 49, West SunnUido, Sunderland 

288 Short, Jos., 49, West Sunnialde, Sunderland 

389 Simey, O. H. F., fi, St. Bede'> Terrace, Sunderland 

290 Sinclair. R- Wallsend Slipwaj aod Engineering Cu., Wallscud 

291 SiBtemon. O. R.. ^17, Uamilton Street, Newcastle 

292 Sjdgren, H., 21, Lawton Street, Nen-castle 

293 Smith, Eustace, G, Queen Street. Newcastle 

294 Smith, J., 3, St. Cuthbort'i Terrace, Suoderland 
290 Smith, R. J., 2, West Lawn, Sunderland 

296 Smith, Wm., SI. Dock;street East, Sunderland 

297 Smith, Thomas Edward, Messrs. Jnliii Smith k Son 

Newcastle 

298 Soliani, Nabor. 8, Victoria Square, Newcastle 

299 Spence, Jas. C, Akenside Hill. Newcastle 

300 Spence, W. O., 66, Elswick Kowl. Newcastle 

301 Spencer, R. E. E., 4, Ualvem Street. Newcastle 

302 Spencer, J. W., Nowhuni Steel Works, Newhuni 

303 Spiers, James, 5, Oran^ Crescent, Sonthrick, Sunderland 

304 Stephenson, C, 42, West Street, WaUsend 

306 Stevenson, Wm., Messrs. R. S. W. Hawthorn. St, Peter's 
306 Stinaker. J. C, St. Mary's Terrace, Rjtoii 
907 Stone, Wm., 13, Roasljn Terrace. Sandorland 
306 Stuart, O. W., 72, Coronation Street, Sunderland 

309 Stubbiiigs, Jns.. Comhill, Siinilcrland 

310 Surtees. K.. Messni. R. Si W, Hawtliorn. St. Peter's 



LIST ( 



HEUBEBS. 



811 Batteea, W. H., 38, 9, and 40, St.m Street, Snnderland 

312 Sutton, Jamea, 66, Park Road, Noni»stlB 

S13 Swan, H. K., Meura. Armstrong, Mitcholl, & Co., Low Walker 

31i Swan, Thonias, 162, Ellison Street, .larmw 

815 Swwnaton, Win., Rnkobj Street. St. Mary's Koad, Snnderland 

316 Sniiibnrne, M. W,, Hobbki. H.Watsun & Sons. Hif;h Hridge, Newcastle ' 

317 Swinbm-ne, T. M., Bewick Road, GatesLead 
31S Swinton, A. A. Campbell, Xetan. Anuatrong, Mitchell, & Co., Elswiclc ] 
819 Syminffton, H. J. W., 1, Linden Terrsce, NewcMtle 

320 Tate, Chai. H., 7, Side, Newcastle. 

321 Tajlor, C. W., Done Crescent, Walker 

322 Taylor, Aldeiander, 22, Waverloy Terrace, Newcaatle 

323 Taylor. J. E.. 6, Bellevae Road. Snnderland 
32^ ThoinpHjn, C. K.. Soiithwick Yard, Sunderland 

325 Thompson, J. E., Thomhill Park, Saoderland 

326 rhompaou, J. L., Jnn,, North Sandi, Sanderland 
337 Thompson, Nicol, 62, Urove Street, MswcbsUb 
32S ThoinpMm, Robert, North Sanda, Suudirland 

339 Thompson, R. C., Messrs. Thompson & Sons, Sonthwiuk. Snnderland 
3311 Thompson, John, Peat Office Chambers, Newcastle 

331 Thorn, W. H., 5, Waterville Terrace, Nortli Shields 

332 Todd, Surtees, Messrs. A. Leslie &. Co., Hebbum 
833 Trewent, F. J., Messrs. Swan & Hunter, Wallsend 
334 Tritton, S. 8., 42, I^eaites Terrace, Nencaatle 

385 TumbuU, T. W. H., 17. Monk Street, Moiikweannonth, .Sunderland 

HSR Tweedy. J., Ncptunu Engine Works, Iaw Walker 

337 Tweddell, K. H., 14, DeUhay Street, WotminatiT, London, S.W. 

838 UlUtrom, Otto, 65. Croft Terrace, Jarrow 

339 Verco^ Jas., 3, Anbrej Place, Sunderland 

310 Wailes, E. F., S, Lombard Street, Nevrcasth' 

341 Walker, G., Messrs. Armstrong, Mitchell. & Co., Kl^ni.'k 

342 Wallau, J., Messrs. Black, Hawthorn, & Co., Qatesheac) 

343 Walton, J, G., Esplanade West, Sunderland 
3-44 Warburton, J., 16, Eloiwood Street. Sunderland 
345 Warren, Wni., 29. Warwick Street. Sunderland 
846 Watt, Adam, 6, Alice Street, Sunderland 

347 Waugh, a. W.. Monkseaton 

348 Webster, K. S., Dene Cottage, Walkor-on-Tync 

349 Wedgwood. A. D,, Guildhall (.nmmbers. Quay, N-'Wcsatl.' 

350 Wcighton, B. L.. Messrs. It. 4 W. Hawthorn, St. Peter* 
361 Weir, John, Hessri. Raniage & Fergasou, Leith 
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363 Welch, W. E., 42, Percy Road, WhiUev 
363 Westmucott, P. G. B., EUwick Worki 
35i Wharrier, J., Bjlter Torrace, Walker 

365 White, C, 13, Mosley Street, NowdDtle 
356 Whita, R. S., Haiwra, Armstrong, Mitchell, ft Co., Low Walker 

367 Whit«, W. H., Mews. Armstrong, Mitcludl, k Co.. Rliwick 

368 Whyta, Wm., Lombard Street, Neweartla 

359 Widdas, T. D„ 13, Peet Street, Oladatouo Bead, Liverpool 

360 Wilkie. J., 2, UiUland Street Soath, Sanderland 

361 Willcoi, F. W., «, Sunnimde West, Snnderlaiid 

362 WilliHiDS, J,, 3, AialeiL Terrace, SnnderUnd 

363 WiUinms, T. R., 120, Albert Terrace. Jarrow 

361 Willis, Jos. 78, Ooifortli Street, Monkweannouth, SiiixlerlaiiJ 

366 WioBUulej, P. D., Meairs. ArrastroQK, Mitchell, 4 Co., ELt«ick 

366 Wilson, 0., 4, Pollion Road. BUliopweannouth, Sunderland 

367 Wilson, T. N., Houk Street Engine Works, Sunderland 

363 WUson, T., Wallteud Slipwny and Engineering Co,. Walliend 

369 With;, E. Middleton, Shipyard, We«t Hartlepool 

370 Wright, R., 25, Westmorland Koad, Newcustic 

371 Wyllie, It,, HoBsrs, Richardson & Sons, Hartlepool 

372 Yoang, M. C. 19, Haveh-ck Stre.'t, Nen-outlo 
sn roitiig«r, R, HcMH. S. & W. Havtbun, SL PAr*! 

S74 Zelti, A., 46; Harrison Btroet, Bamw-in-Pumea 
S76 ZiininBrmaiiiii B., Germama Werft, Kiel, Oennan; 



1 Barwiok, J. S., Aahbrook Grange, Snndeilaiid 

2 Bflokingham, J. H., Measrs. Soott Bivtiwn, Qoaynde, Newotutle 

3 Bell, C. B., 22, Oibome ATenne, NewcaiUe 

4 Bell, M. H., 20, John Candlisb Road, MiUSeld, Sunderland 

6 Boyd, Robert, Messrs. Hannay, Boyd, and Co., Qnay, Nevcaatle 

6 Cnlliford, J. H. W., Snnderland 

7 Danford, T. O., Meun. Elliott, Lowrey, and Dnnford, Qnay, Newcastle 

8 Fisher, Jos., Means. Fisher, Benwick, and Co., Quay, XewcMUe 

9 CKll, Parry, 13, Mosley Street, Newcastle 

10 Gracie, J. L., 63, Percy Park, Tynemouth 

11 Green, F, W., 14, Monk Street, Monkweanoouth 
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12 HoUiSf H. £., 16, Stanwick Street, Tyiiemoath 

13 Hutchinson, Q., 1, St Nicholas* Buildings, Newcastle 

14 Laws, G. A., Messrs. Laws, Snrtees, & Co., Qoayside, Newcastle 

15 Lowrej, E., Messrs. Elliott, Lowrey, & Danford, Quayside, Newcastle 

16 Miller, T. B., Maritime Buildings, King Street, Newcastle 

17 Mudd, Wm., Castletown Rolling Mills, near Sunderland 

18 Mulherion, O. F., 247, Albert Road. Jarrow 

19 Newby, S., Messrs. Thomson k Newby, 13, Bridge Street, Sunderland 

20 Nixon, John, Blyth Shipbuilding Co., Blyth 

21 Osboume, Jas., Hylton, Sunderland 

22 Panton, H., 38, Side, Newcastle 

23 Pfttterson, J., Wincomblee, Low Walker 

24 Pfttterson, Thos., Hylton, Sunderland 

25 Ramsay, J. W., Newbum Steel Works, Newbnm 

26 Reah, J. H., Lombard Street, Newcastle 

27 Reichwald, A., Lombard Street, Newcastle 

28 Reid, Andrew, Akenside Hill, Newcastle 

29 Renwick, Q., Messrs. Fisher, Renwick, & Co., Quay, Newcastle 

30 Ritson, F., 18, St. Bede's Terrace, Sunderland 

31 Roberts, G., Baltic Chambers, Newcastle 

32 Robson, Thos., 28, North Bridge Street, Snnderhind 

33 Roche, W. M., 2, Thomhill Gardens, SunderUnd 

84 Scholetield, A., 1, St. Nicholas' Buildings, Newcastle 

35 Scott, W. H., Messrs. Scott Brothers, Queen Street, Newcastle 

36 Snowball, T., Crown Buildings, Side, Newcastle 

87 Stephens, D., Messrs. Stephens, Mawson, k. Co., Quay, Newcastle 

38 Wut, James, Maritime Buildings, Quay, Newcastle 



Graduates. 

1 AndUw, W. F., 13, Russell Street, North Shields 

2 Barl^, C. J., 26, North View, Heaton 

8 Barrow, T. P., 27, Dock Street, SunderUnd 
4 Brown, T. R., 12, Grace Terrace, Sunderland 

6 Carpenter, F., 22, De Grey Street, Newcastle 
6 Common, F., 18, Tavistock Place, Sunderland 



' OK MBMBEKS. 



7 CoToiih, H. P., 47, Fiilier Street. Low Walker' 
B Cnnbj, J.> 1, Bandalph Street, Sundorland 

S Dickinson, F., Park House, Saoderlai^d 

10 Furbaim, Jb«., 11, Horatio Street, SunderUad 

11 Fiaher, John, 1, Vicarage Tomtce, SunderUod 

12 Garrett, H. A., 15, Belymve Terroce. NewcasUe 

13 Qibbliia, W. M., 17. »t. Viticeut Street, Sunderland 

14 Qrievei, K. 38, Liuskill Terrace. North Shietdi 

15 Harding, B. J., 9, Fromliugtnii Placp, Nencaatle 

16 Head. A. P., 23, North View, Heoton 

17 Heiiehall, Samuel, 24, Crow Treo Ibwd, Sunderland 

18 Koenc, H. Buck, 126, Park Koad, Suudcrland 
ly Limdreth, S., 26, Dock StnMt East, Sunderland 

20 Muddison. G. D., 9, Halein Avenue, Suuderland 

21 Marsball. F. T., 38, Pare; Qardena, Tf ueniouth 

22 Metcalf, ThoB., 6, Dundas Street, Sunderland 

23 Muir, A. E., 96, Eoker Avenue East, Sunderland 

24 NeUon, Henrj, 80.^»un(l»s Street, Sunderland 

25 Newton, W. A., 17, Victoria Terrace, South SbLelda 

26 Rumshaic, O. H.. 31, Barclay Street, Sunderland 

27 Koavell. Wm., EiUngtan Nortli Houhi, Jeamond, Newcutle 

28 Robinson, Wm., 6, Cboppington Street, Newcastle 

29 Seott, H., 47. Mainiforth Terrace, Suuderland 
SO ShicUs, James, 22. Tunitatl Vale, Sunderland 

31 Spencer, F. G., 8, Victoria Street, Newcastle 

32 Stoddart, Swint^n. 24, North Milburn Street, Suudoriand 

3$ Thompson, F.,<13, Chester Read, SundorUnd 

34 Tone. J. M. P., 60, aaytoii Park Sqimre. Newcastle 

86 Toomer, C. R., 22, North View, Heaton, Newiaatle 

36 Trist, P., 28, Hawthorn Street, Newcastle 

37 Wardle, Wm., 52, Harrogate Street, Sunderland 

38 Watson, A. Rt 6, Wiatbonrne KoimI, Sunderlmd ' 
89 Wilson, J. T., 125, Walker Rond, Newcastle 



